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industrial furnace solutions

Batch Integral Quench Furnaces
and Endothermic Gas Generators
“Built for Stock”

Leading the Industry with the Fastest Delivery Available

AFC-Holcroft Headquarters
Wixom, Michigan, USA
Phone: +1 248 624 8191

AFC-Holcroft Europe
Swiebodzin, Poland
Phone: +48 68 41 61 776

AFC-Holcroft Asia

Shanghai, P. R. China
Phone +86 21 5899 9100

www.afc-holcroft.com

Supply chain interruptions don’t have to derail your valuable heat treating
production. When you need a new batch integral quench furnace or
endothermic gas generator, AFC-Holcroft’s Built for Stock equipment
will shave months off typical delivery timeframes.

We're always building our industry-leading UBQ (Universal Batch Quench)
furnaces and EZ™ Series Endo Gas Generators for off-the-shelf delivery,
ready for expedited shipment. The same standard equipment AFC-Holcroft
is known for, but pre-built to speed up typical delivery by months. There is
no compromise in quality to get this fast delivery.

Built for Stock equipment gets you in production faster.

Talk to our Sales staff to find out more.
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THERMAL PROCESSING SYSTEMS

VERSATILE
INTEGRAL
QUENCH
FURNACES

= Batch processing
= Compatible with
existing equipment lines
= Highly efficient

= Precise control Gasbarre takes a 360° approach to

= Meets AMS 2750 and servicing our customers. From sales and applications
engineering, to equipment design, manufacturing,
commissioning, and never ending aftermarket support
our team of engineers, metallurgists, and technicians
understand your process from all angles. Gasbarre’s
technical capability and commitment to service will
ensure your success today and into the future!

COMPLETE LINE OF THERMAL PROCESSING EQUIPMENT

Annealing = Brazing = Carbonitriding = Carburizing = Co-firing = Drying = Enameling
Ferritic Nitrocarburizing = Glass-to-Metal Sealing = Hardening = Inert Atmosphere Processing
Nitriding = Normalizing = Quenching = Sintering = Soldering = Spheroidize Annealing
Steam Treating = Stress Relieving = Tempering = Vacuum Processes
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LOOKING FOR WAYS TO TURN YOUR
QUALITY PROGRAM UP A NOTCH?

ol B L S | If you would like a simple,
' cost effective way to
document and verify

the consistency of your
thermal process, let us
share how TempTABs can
help you.

TempTABs are designed
to help put you in touch
with what is going on
“inside” your furnace.

Spot trends in your thermal process
before they impact product quality!

TempTAB Monitoring I—— TempTAB

System SIS,
y TempTADR -“""" I
1 Place TempTABs in your e

furnace with the load. TempTas @y TempTAR
2 Measure their dimension _ = === ;

TempTas W
; L Tr-ﬁ‘|

I T
t

once they exit.

3 Translate the dimension into
a TempTAB temperature.

4 Compare data from run
to run with the easy to use
TempTAB Trakker software.

CONFIRM YOUR PROCESS IS UNDER CONTROL!

$rton The Edward Orton Jr., Ceramic Foundation

“Validating thermal processing for more than 100 years”

www.temptab.com ¢ 614-895-2663
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FROM THE EDITOR ///

October brings a wide-range
of heat-treat topics

art of what I enjoy about being editor of Thermal Processing is bringing you infor-

mation about the heat-treating industry, and it’s always an extra pleasure to

bring you such a wide scope of topics, especially in a season that is synonymous
with cornucopia.

That’s right. Our October issue boasts a cornucopia of articles where I'm sure you’ll
find at least one that’s of interest. (Although, I bet you’ll find much more than that.)

The aerospace industry is an important user of the services and products within the
heat-treat industry, so our cover story is devoted to that subject.

An article from Wisconsin Oven Corporation Vice President of Sales Mike Grande
looks at how the ever-evolving aerospace industry is requiring innovative heat process-
ing solutions that are larger, smarter, better, and faster.

Our second article featuring aerospace applications looks at how 4D quenching can
be used by tools manufacturers to address distortion control during heat treatment.

As technology has advanced, the need for more precise and accurate certifications
has become a highly sought-after aspect of the heat-treat world.

In that vein, make sure you check out our final Focus article from BASF’s Biagio
Orlando where he discusses what ISO 17025 certification can mean for the heat-treat
industry and how it’s a great way to showcase laboratory competence.

Keeping within the certification arena, frequent contributor and columnist Jason
Schulze brings his own expertise to the table as he spells out the benefits of the Nadcap
merit process and how achieving this merit can be a good thing for suppliers.

As anyone who has to sit back and write a certification report knows, it can be time
consuming, to say the least. But there’s some help on the way.Ihad the pleasure of talking
with C3 Data founders Nathan and Matt Wright, who have developed a software plat-
form to help ensure furnace compliance to a number of industry requirements such as
Nadcap, AMS2750, CQI-9, and more. Check out their story in this issue’s company profile.

See what I mean? A lot of interesting articles and much more to exercise your heat-
treating brain cells.

Enjoy this month’s issue, and, as always, thanks for reading!

KENNETH CARTER, EDITOR
editor@thermalprocessing.com
(800) 366-2185 x204

CALL FOR ARTICLES Have a technical paper or other work with an educational
angle? Let Thermal Processing publish it. Contact the editor, Kenneth Carter, at
\ editor@thermalprocessing.com for how you can share your expertise with our readers.
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WIRCO IS PROUD TO ANNOUNCE

THE ACQUISITION OF
PERFORMANCE INDUSTRIAL
PRODUCTS!

Wirco and PIP join forces to bring to market a large scope of product offerings for the heat treat
and steel mill markets for high temperature thermal processing applications.

With 3 facilities across the Midwest (Avilla, Indiana, Ghampaian, Illinois and Waupaca, Wisconsin)
Wirco is positioned in the market to deliver 100% USA made products with industry best lead times
and world class quality! The addition of PIP to the Wirco family provides increased stainless steel

centrifugal casting and static casting capabilities along with the experienced PIP foundry team.

Reach out to Wirco today for any stainless steel casting and fabrication needs.

|

FANS RADIANT TUBES FURNAGE ROLLS ROD FRAMED BASKETS
| PARTNER WITH WIRGO, R ——
sales@wirco.com YOUR AMERICAN MADE ———
ENGINEERED ALLOY SOLUTION. WWW WIRCO COM
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Antonio Catalano, Tenova executive vice president, left, and David Paterson, chief executive officer at

Latrobe Magnesium Limited. (Courtesy: Tenova)

Latrobe Magnesium
awards contract to
Tenova Technology

Tenova, a leading developer and provider of
sustainable solutions for the green transi-
tion of the metals industry, was awarded
a contract by Latrobe Magnesium Limited
(LMG), a company based in Australia. The
scope of work is the engineering, supply, and
supervision of the Magnesium Oxide (MgO)
production plant at Latrobe Valley, Victoria,
Australia, a demonstration plant using a
world-first process of combined hydromet/
thermal reduction.

As part of the first phase of the project,
Tenova’s scope of supply will include a mag-
nesium oxide (MgO) plant, with spray roaster
technology, with a production capacity of
300 kg/h.

The demonstration plant will initially
have capacity of 1,000 metric tons of magne-
sium (Mg) metal per year, and in the second

stage, LMG intends to develop a commercial
scale operation with an envisaged produc-
tion capacity in the range 0f 10,000 to 40,000
metric tons per annum of magnesium metal.

Thanks to its world-first patented hydro-
metallurgical extraction and thermal reduc-
tion process, the plant will harvest magne-
sium metal from a fly ash resource —a waste
stream from brown coal power generation.
The project is at the forefront of environ-
mental sustainability as it converts nearly
100 percent of the resource into valuable
commodities. The released CO2 emissions
are approximately 50 percent less than com-
parable magnesium production plants.

“Demand for magnesium worldwide is
strong,” said David Paterson, chief executive
officer at LMG. “It has the best strength-to-
weight ratio of all common structural metals
and is increasingly used in the manufacture
of car parts, laptop computers, mobile phones,
and power tools. Currently, the Latrobe
Valley contains 25 million tons inventory of
fly ash, that is why it so important for us to
have a reliable partner in this project.”

“Through many years of experience and
continuous improvement of pyro hydrolysis
process, Tenova is able to meet specific cus-
tomer requirements. The positive and con-
structive cooperation with Latrobe during
the development phase of the magnesium
production facility was a decisive factor
to now deepen this work in the course of
realization,” said Gregor Kappacher, branch
manager at Tenova Austria, the competence
center for spray roaster technology. “The
project is of paramount importance for
Tenova, because it opens positive future
perspectives and is in line with our effort
towards achieving a sustainable industry.”

The first magnesium is forecast to be pro-
duced in 2023.

MORE INFO www.tenova.com

L&L commissions
high-temp box
furnace for ceramics

L&L Special Furnace Company, Inc. has
shipped and commissioned a large high-
temperature box furnace to a Midwestern
U.S. plant starting production on ceramic
matrix parts that will be used in military
and aerospace applications.

The L&L GHH3350 has an effective work
zone of 32” wide by 30” high by 50” deep. The
furnace is capable of reaching temperatures
up to 1,700°C/3,100°F under partial atmo-
spheric pressure. There is also a vacuum
pump to help remove oxygen prior to begin-
ning the thermal cycle.

The frontloading box furnace is insulat-
ed with multi-layer, high-temperature insu-
lation. The floor is reinforced and includes a
composite hearth capable of supporting load
weights up to 500 pounds.

The GHH3350 is heated with molybdenum
disilicide elements on the side walls and back.
It is controlled by a Eurotherm program con-
trol with overtemperature protection and

SEND US YOUR NEWS Companies wishing to submit materials for inclusion in Thermal Processing’s Update section should contact
the editor, Kenneth Carter, at editor@thermalprocessing.com. Releases accompanied by color images will be given first consideration.
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The GHH series box furnace for ceramic matrix
composite. (Courtesy: L&L Special Furnace
Company)

includes a multi-pen chart recorder with 36
inputs to record various temperatures, flow
rates, and pressures.

The case is sealed for use with inert atmo-
sphere. It includes an automated flow panel,
type B thermocouples, and a stack light audi-
ble visual annunciator system. The furnace
has an afterburner or scrubber to remove
any contaminants prior to evacuation from
the furnace.

All L&L furnaces can be configured with

various options and be specifically tailored
to meet customers’ thermal needs. L&L also
offers furnaces equipped with pyrometry
packages to meet ASM2750.

Options include a variety of control and
recorder configurations. A three-day, all-
inclusive startup service is included with
each system within the continental U.S. and
Canada. International startup and training
service is available by factory quote.

MORE INFO www.lIfurnace.com

Delta H commissions
DCAHT compliant
to SAE AMS 2750G

Delta H® Technologies, LLC recently com-
missioned a state-of-the-art DCAHT® (dual
chamber aerospace heat treating) system for
heat treating aviation grade aluminum. The
new system was a modern replacement of an
original Delta H DCAHT furnace installed
and in service since 2011 at PEMCO at Tampa
International Airport.

The system features secure and tamper-
proof batch records, soak time, and quench
delay recorded to within 1/10 of a second, as
well as full documentation of work order/
tail number, before/after condition, part
name and quantity, and other information.
Extensive training was involved to not only
more than a dozen operators but also many
QC personnel and two “trainers” qualified
to train other operators. Additional train-
ing was provided to personnel responsible

The installed system from Delta H Technologies features a certified TUS volume of 30 inches wide, 16
inches high, 72 inches deep, with an upper chamber convection oven operable to 500°F, and a lower
chamber convection furnace capable of 1,200°F. (Courtesy: Delta H Technologies)

hort-wave.

Pyrometers. IR Cameras. Accessories.
Software. We measure temperature

Our ratio pyrometers are ideally suited for

high-temperature measurement of metals.
They are largely resistant against dust,
steam and dirty observation windows.

non-contact from —50 °C to +3000 °C.

Visit: www.optris.com
Phone: (603) 766-6060

Engineers that answer the phone and can
quickly guide you to the best solution.

thermalprocessing.com 9
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for maintaining pyrometry records to assure
compliance to AMS2750G.

The installed system features a certified
TUS volume of 30 inches wide, 16 inches
high, 72 inches deep, with an upper cham-
ber convection oven operable to 500°F, and
alower chamber convection furnace capable
0f 1,200°F. In addition to aluminum, the sys-
tem can be used for PH stainless steel aging,
aswell as titanium and ferrous alloy process-
es. Both chambers qualified as Class 1, but
were certified as Class 2 for aluminum appli-
cations. Honeywell controls and recorders
are featured and include remote computer
control, data entry, and process monitoring.

Given the accuracy of the quench delay
system, part of the training included how to
manually quench aircraft parts in less than
five seconds from the time the door opens
until fully submerged. Delta H calls this
section of training a “Quench Off,” with the
goal being to make the “Three Second Club.”
Delta H says not only did most operators
make the Three Second Club, two operators

broke records and made the newly formed
“Two Second Club.”

“We look forward to sharing about our
continued success with [Delta H’s] great
product,” said Cruz Herndndez, airborne
maintenance and engineering services
back-shop supervisor. “I am certain we will
be using Delta H for future heat-treat and
furnace endeavors.”

MORE INFO www.delta-h.com

ASM offers course on
using analytical tools
to heat-treat steel

ASM International is offering an “Analytical
Tools for the Steel Heat Treater” course at
ASM International World Headquarters-
Materials Park on October 31-November 2.
The material and coursework for the
class were developed by a team from Dante

ASM'’s “Analytical Tools for the Steel Heat Treater”
course is for anyone looking to learn more about
modeling a wide variety of heat-treatment
processes. (Courtesy: Dante Solutions)

Solutions. The three-day course offers a
fundamental understanding of metallurgy
and materials of heat-treat processes from an
analytical perspective. Learn about process
design and analysis using analytical tools;
how to characterize equipment and part
interactions; and gain an understanding of
how process and material selection affects

Starbar and Moly-D®elements
are made in the U.S.A.
with a focus on providing
the highest quality heating elements
and service to the global market.

IR - Over 50 years of service and reliability

I Squared R Element Co., Inc.
Akron, NY Phone: (716)542-5511
Fax: (716)542-2100

got carbides?

1 Email: sales@isquaredrelement.com
www.isquaredrelement.com

Use VCarb to design, predict,
and refine your low-pressure
carburization
schedules

dante-solutions.com
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heat-treat results by using computer model-
ing. The course will benefit anyone looking
to learn more about modeling a wide variety
of heat-treatment processes while earning
2.25 CEU credits.

MORE INFO www.asminternational.org

Parts2clean offers
innovations, trends
for parts cleaning

Parts2clean recently presented the appropri-
ate solutions, trends and know-how on parts
cleaning at the Stuttgart Exhibition Center
(Germany). Parts cleaning is an essential
component of quality-oriented and stable
production in all sectors of industry. Future
industrial competitiveness will depend on
the ability to meet new and ever-changing
parts cleaning challenges in a process-safe,
efficient, and resource-saving way.

Parts cleaning is an essential component of
quality-oriented and stable production in all
sectors of industry. (Courtesy: Deutsche Messe)

As a quality criterion and competitive
factor, industrial parts and surface clean-
ing makes an essential contribution to value
creation in manufacturing, remanufactur-
ing, and recycling. Due to current product
and manufacturing trends as well as the
need to make parts cleaning more energy
and resource efficient, companies are facing
an array of challenges. In order to remain
competitive in the future, it is important not

only to know the current and future require-
ments for the surface quality of workpieces
in all the different industrial sectors, but
also to develop methods of improving sus-
tainability and cost-effectiveness.

“Featuring the most comprehensive set of
international offerings for all stages of the
industrial parts and surface cleaning pro-
cess, parts2clean is the world’s best infor-
mation and procurement platform for this
purpose,” said Hendrik Engelking, global
director at Deutsche Messe.

The event unveiled their new and refined
products and services to an international
specialist audience, including new and
optimized system concepts for precision and
high-purity applications in areas such as the
optics and supplier industry for semiconduc-
tor technology, electromobility, and medical,
measurement and analysis technology. In
addition, suppliers of cleaning technology
are responding to the increasing require-
ments for particulate and filmic cleanliness,
which can be seen in a number of industrial

Furnace Compliance Reimagined

ANNOUNCING OUR LATEST INTEGRATION!

Visit us at
www.C3Data.com
to learn more

f\

Bluestreak | Bright AM"

MES +QMS
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Manufacturing Execution + Quality Management System

Enhance control proces
MES/QMS software of
ance results and optionally prev

Bluestrea
comy

by directly informing your
-3 Data's pyrometry

operators from loading parts into non-compliant furnaces

More connections, More Choices, More Control!
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sectors, with new and optimized process and
drying technologies for wet- chemical clean-
ing. Various new and further developments
for dry individual part cleaning, which can
be easily integrated into manufacturing
steps such as coating, sealing, bonding, and
assembly processes — including in clean-
rooms — were on display at parts2clean.
Exhibitors also provided information on
innovative approaches for integrating
Industry 4.0 and artificial intelligence (AI)
with industrial cleaning processes.

MORE INFO www.parts2clean.de/en

Seco/Warwick,
Greenlron team
for green future

The Seco/Warwick Group, a global manu-
facturer of metal treatment equipment, has
signed an agreement with the Swedish com-

pany Greenlron H2 AB for the delivery of a
series of furnaces for fossil-free metal produc-
tion from ore, residuals, and waste recycling.

The new line of reduction furnaces, based
on the technology provided by GreenIron,
is in response to climate change and the
urgent need to reduce CO, emissions and
create energy and resource-efficient busi-
ness models.

“The long-term agreement provides
for the delivery of a series of equipment.
Cooperation in this technology area will
provide us with development and coopera-
tion in the area of pro-ecological solutions,
which is in line with the company’s mission.
With this new technology, together with
Greenlron, we are contributing to global eco-
system protection,” said Stawomir Wozniak,
CEO of Seco/Warwick Group.

The furnaces ordered by Greenlron will
be used to recycle oxidized metals without
emissions. They will therefore directly con-
tribute to CO, emission reduction on an
unprecedented scale. Each furnace has the

SERIES 3110 CUSTOM OPTIONS

Tube Furnace - 2200°F (1200°C) Maximum

Terminal Covers

Mounting Options
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capacity to reduce emissions by 56,000 met-
ric tons/yr. The technology, whose originator
and patent rights owner is Greenlron, is a
unique solution that will help many enter-
prises implement “green” solutions and
function with the natural environment.

“We are happy to work with Seco/Warwick
on this exciting journey toward a more
energy and resource-efficient industry with
zero emissions,” said Edward Murray, CEO
of Greenlron. “We feel that our partnership
is a great foundation for rapid growth and
a positive impact on emissions and climate
change. GreenlIron has high ambitions in
regard to CO, reduction, starting with the
first furnace, delivered from Seco/Warwick,
and the subsequent first shipment of com-
mercial fossil-free iron in 2023.”

“It is also an opportunity for Seco/
Warwick, because together with Greenlron
we are creating a production line of com-
pletely new furnaces,” said Wozniak. “For
the first time, we are working closely with
an external partner with technology that

AJVS APPLIED TEST SYSTEMS
sales{@atspa.com | www.atspa.com
Built to your Specifications

Custom Made
Inside Diameters

Outside Diameters
Heated Lengths

Number of Heated Zones
Viewports

Mounting Options

Build your custom
furnace, today!
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comes from outside of our organization. Our
task in the project is to build effective solu-
tions and deliver them on time.”

Seco/Warwick supports ecological solu-
tions making the heavy industry environ-
mentally friendly. The new furnaces in the
production line, manufactured in coopera-
tion with Greenlron, are units that have not
been available on the market so far. Their
great value is the fact that they contribute
to carbon dioxide reduction, as well as sig-
nificantly reducing the costs of recycling
post-production residuals and waste.

The metals are extracted from ore or recy-
cled without the release of fossil gases. Iron
oxide (magnetite, hematite, wustite) is con-
verted to pure iron by the hydrogen reduc-
tion process. In traditional technology, this
process takes place in coke furnaces, which
results in CO, emissions. In the Greenlron
furnaces, CO, emissions are zero.

Reduction furnaces will be available to
companies throughout the entire lifespan
of iron and other metals — including min-

Heat Treat
EQUIPMENT

ing, steelmaking, milling stations, foundries,
metal workshops, and heavy ashes from
incinerators. With Greenlron and Seco/
Warwick, this waste will be given a second
life and can be reused as pure steel or iron.
These will not be the first solutions from
the Seco/Warwick brand that support “green
technologies.” Another example is ZeroFlow®
gas nitriding technology allowing users to
reduce technological costs by up to several
dozen percent. Another solution — Vortex®
(aluminum coil annealing furnace) reduc-
es the component processing time by up
to 30 percent compared to other available
technologies. This reduces both energy con-
sumption and emissions. On the other hand,
Pit-LPC (pit furnace) technology shortens
process time thus reducing energy and gas
consumption. This directly decreases pro-
duction costs, while improving the quality
of results compared to traditional technol-
ogy.But in the case of Seco/Warwick, taking
care of the environment does not apply only
to its products. Sustainable production and

ecological innovation are part of a long-term
strategy.

Greenlron H2 AB is a privately held
company with patented and proven energy-
efficient technology to reduce metalloxides
to pure metal. The process is suitable for
the creation of metals from ore, residuals,
and waste. The technology is hydrogen
based with only water as the process emis-
sion. When using the GreenlIrons process
in conjunction with a steel mill users can,
without any CO, emissions, create prime
iron-based metals for reintroduction to the
steelmaking process from the waste and
residuals formed in the steelmaking process.
Greenlron enables a fully circular resource
usage on site. Greenlron has a strong focus
on minimizing CO, emissions and strives to
create circular business models with mini-
mized CO, emissions and high resource
efficiency. §

MORE INFO www.secowarwick.com
www.greeniron.se

Ready to Deliver.
Ready for Production.

AFC 1Q Furnace with Top Cool v-urn

Williams Industrial Gas-Fired
Temper Furnace u-i7s:z

1450°F

36" wide x 72" deep x 36" high
480V, 3-Phase, 60 Cycle, 40 Amp
1000 CFH, 800,000 BTU

SSI controds

Fuel  Matural Gas — 1,200,000 BTU's
Max Temp/Load  1800°F / 3,500 pounds Max Temp
Power 480V, 3-Phase, 60 Hz, 70 Amps Working Dim's
Working Dim's 367 wide x 48" deep % 36" high Power
Flow Meters  Nitrogen, endo, natural gas, air Max Fuel Demand
Controls  Allen Bradiey PLC Controls
General  System 1 rear handler
Heat Treat 42056 Michigan Avenue » Canton, M| 48188
EQUIPMENT Phone: 734-331-3939 » Fax: 734-331-3915 * heattreatequip.com
Eatabtnhed by fafn L. Becker
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IHEA’s Fundamentals of Industrial
Process Heating starts October 24

The curriculum includes the basics of heat transfer, fuels and combustion, energy use, furnace design, refractories, automatic control, and atmospheres as applied
to industrial process heating.

Course has been a successful source of high-level learning for those
in the industrial heat-processing industry for more than 10 years.
Registration is now open for the next course beginning October 24
and runs for six weeks through December 11. The flexible online for-
mat and interactive forums are just some of the benefits of this class.
This affordable course is ideal for students to learn through a
virtual format while at home or in the office, allowing them to go
at their own pace. It offers indispensable tools to industrial process

I HEA’s Fundamentals of Industrial Process Heating Online Learning

14 OCTOBER 2022

heating operators and users of all types of industrial heating equip-
ment. Throughout the in-depth online course, students learn safe,
efficient operation of industrial heating equipment, how to reduce
energy consumption and ways to improve the bottom line. The con-
tent provides an excellent overview of the essential information used
throughout the industry.

The curriculum includes the basics of heat transfer, fuels and com-
bustion, energy use, furnace design, refractories, automatic control,
and atmospheres as applied to industrial process heating. Weekly



course work, quizzes, and a final exam project are administered to
guide students on their progress and evaluate their knowledge of
the material. For a complete listing of the topics covered visit www.
ihea.org/event/OnlineFall22.
= Glen Bradley joins the IHEA team as the
b moderator of the course. Bradley is a pro-
fessional engineer and has more than 30
years of experience in the industry with
companies such as Maxon, Coen Burner,
and Honeywell Thermal Solutions where he
retired in 2019. His knowledge and experi-
ence offer invaluable resources online stu-
dents can access throughout the course.
Registration for the Fundamentals course
is open now through October 21, 2022, at www.ihea.org/event/
OnlineFall22. Cost for IHEA members is $775 or two-member vouch-
ers, and cost for non-members is $950. Registration fee includes an
electronic course handbook, course instruction, quizzes and projects,
class forums, and the opportunity to contact the instructor through-
out the course. Students who successfully complete the course will
receive 18 PDHs. Printed materials are available for an additional fee.

Glen Bradley

CALLOUT: VISIT IHEA VIDEO TIP LIBRARY
Have you visited the video tips library? Two new videos have recently
been added:

» Cooling System Tips for Induction Heating.

»The Importance of Frequency and Field Orientation.

The tips are made available at no charge on the IHEA website.
These short videos are designed to provide important tips and infor-
mation relevant to the industrial thermal-processing industry. IHEA
will add new video tips periodically. More information at www.ihea.
org/page/videoTips.

wiy) Conling System TIpSfarinduction Heat.. ©
=5 - ] watch later =

OCTOBER 24

Fundamentals of Industrial Process Heating Online Course

Six-week online distance learning course is designed to give the student
a fundamental understanding of the mechanisms of heat transfer
within an industrial furnace and the associated losses and the operation
of a heating source either as fuel combustion or electricity.

See you
in June

JUNE 12-16, 2023

Therm Process 2023 | Dusseldorf, Germany

Be part of the world’s leading trade fair for industrial thermal processing
technology. See modern, innovative solutions, numerous trends and
future-oriented innovations. Meet prestigious suppliers of metallurgical
technology from all over the world. Experience high-quality information
programming with numerous highlights and special exhibitions.

For details on IHEA events, go to www.ihea.org/events

INDUSTRIAL HEATING EQUIPMENT ASSOCIATION

P.O. Box 679 | Independence, KY 41051 09«“““- OR

2

859-356-1575 | www.ihea.org
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Distortion caused during heat treatment of aluminum alloys is a complex subject,
and many papers have been written to address this expensive problem.

Control of distortion in heat-treated aluminum

aluminum heat-treated components.

The heat treatment of aluminum (solution heat treat-
ment, quenching and aging) are critical processes to ensure that the
desired mechanical and corrosion properties are achieved. Of these
steps, quenching is perhaps the most critical of all the operations.
If quenching is too fast, properties are met, but the part may have

excessive distortion or residual stresses. This ‘

n n this column, we will discuss controlling the distortion of

can result in shortened life due to residual
stresses or result in additional non-value-
added straightening of the component.

The typical heat treatment for alumi-
num consists of solution heat treatment
to approximately 525°C to ensure that all
solute is in solution. Parts are then typi-
cally quenched into water or polymer quen-
chants [1] [2]. Following quenching, parts are
then straightened. If parts are unable to be
straightened immediately after quenching,
the parts are placed into a sub-zero freezer
(typically at —28°C) to prevent hardening
due to natural aging [3]. Once time is avail-
able, the parts are removed from the freezer
and allowed to warm to room temperature.
Straightening of the parts is then performed
[3]. Parts are naturally aged, depending on
the alloy and the desired temper. Parts are
then artificially aged at an elevated temper-
ature (121°C to 176°C) to the desired final
properties and temper.

Quenching is the most critical step in
aluminum heat treating. The objective of
quenching is to preserve the solid solution
formed at the solution heat-treating tempera-
ture by rapidly cooling to room temperature.
Quenching is a balance of supersaturation and diffusion rate [4]. If
quenching is too fast, then properties are achieved, but distortion or
warpage of the parts may occur. If quenching is too slow, then exces-
sive grain boundary precipitation can occur [5]. This removes the sol-
ute from aging and has detrimental effects on corrosion properties.
Generally, the highest strengths and corrosion resistance attainable
are those associated with the fastest quenching rates. However, the
amount of warpage or distortion that occurs during quenching tends
to increase with the rate of cooling. In general, the best quench rate is
the slowest quench rate that achieves properties.

thick.

CONTROLLING DISTORTION

Aluminum is extremely prone to distortion. During solution heat

16 OCTOBER 2022

treatment, temperatures are used that are very close to the liquidus
temperature [6]. This results in very high plasticity and low strength
at typical solution heat treating temperatures [7].

In addition to the poor strength at elevated temperatures, alu-
minum also has a large coefficient of linear expansion. This results
in large growth of aluminum during solution heat treatment and
contraction during quenching. If the part is constrained, then high

=

i

Figure 1: Comparison of immersion rate on the distortion of thin gauge 7075 sheet. In the top photograph,
a slow immersion rate was used, quenched into 32% PAG. In the lower photograph, a fast immersion rate
was used into 32% PAG. The quench delay time was identical in both. Sheets are 500 x 500 mm x 1.0 mm

strains and stresses are developed in the part. If these stresses exceed
the yield strength at temperature, then permanent set of the part
could occur, resulting in distortion of the part. This indicates that
racking and constraint of the parts are important to control the
distortion of the part.

RESIDUAL STRESSES PRIOR TO HEAT TREATMENT
Aluminum parts are typically forged, cast, or formed prior to heat
treatment. Each of these processes produces significant tensile or
residual stresses [8] [9] [10]. Machining of these forgings or castings
can also produce significant residual stresses [11] [12]. The use of a
stress relief process after major manufacturing steps will also reduce
distortion in heat treatment.



SOLUTION HEAT TREATMENT

With excessive heat-up rates, thermal gradients can be developed in
the part that can exceed the yield stress at temperature [13]. This
is especially true when there are very thick and very thin portions
of the part. The thin sections will heat rapidly, while the larger sec-
tions will lag in temperature behind the thin sections. If the thermal
gradient is high enough, distortion of the part can occur. If residual
stresses are present in the part from prior operations, then distortion
can occur from relief of those stresses.

IMMERSION RATE

The rate of immersion during quenching plays an important role
in reducing the distortion of quenched aluminum. Aluminum parts
should be immersed into the quench rapidly. This immersion rate
is often confused with the quench delay; however, the immersion
rate is the velocity at which the parts enter the quenchant. While
it is sometimes not possible to adjust this rate due to furnace
design, it is often a variable that is overlooked. The immersion rate
should be on the order of 0.15 m/s to 3 m/s [14]. This is shown in
Figure 1.

QUENCHANT

Of all the possible “defects” occurring during the heat treatment
of aluminum, distortion during quenching is the most common.
It is probably responsible for most of the non-value-added work
(straightening) and costs associated with aluminum heat treating.
An extreme case of distortion is shown in Figure 2 [6].

Water is the most common quenchant for all aluminum alloys.
Itis easy and inexpensive to obtain, and it is readily disposed unless
severely contaminated. Water is used as a quenchant from ambient
temperatures for sheet metal, to 90°C for castings and thick forgings
to reduce quenching thermal stresses.

As the temperature of water is raised, the stability of the vapor
phase increases, and the onset of nucleate boiling in a stagnant fluid

Aluminum parts are typically forged, cast, or formed prior to heat treatment.
Each of these processes produce significant tensile or residual stresses.
(Courtesy: Shutterstock)

is suppressed. The maximum rate of cooling is decreased, and the
overall rate of cooling is also decreased. This can result in non-uni-
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Figure 3: Comparison of water and PAG quenching results for different size 1.5 mm thick panels: (A) water quenched; (B) PAG quenched at 20%. Upper left panel is
300 x 250mm; Upper right panel is 100mm x 300 mm; lower left and right panels are 300 x 300 mm.

form quenching of part, with resultant distortion and high residual
stresses.

Polyalkylene glycol quenchants (PAG) were developed to provide
a quench rate in between that of water and oil. By control of agita-
tion, temperature, and concentration, quench rates like water can
be achieved. PAG quenchants are described by AMS 3025 [15], and
the concentration is governed by AMS 2770 [16] for aerospace alloys.
The benefits of quenching in a PAG are shown in Figure 3.

PART ORIENTATION AND RACKING

Racking of the parts is critical [17]. The parts should be fully sup-
ported, with the loads spread out over a large area, since the creep
strength of aluminum is poor. Parts, particularly sheet metal parts,
are often fixed into place with steel or stainless wire to hold the parts.
This practice can increase distortion or cause damage to the part.
Aluminum has a very high coefficient of thermal expansion, while
steel has a coefficient of thermal expansion that is approximately
half that of aluminum (13 x 10-6 mm/mm-°C for aluminum and
8 x 10-6 mm/mm-°C for carbon steel). This means that the alumi-
num parts will grow twice as much as the steel constraining wires.
Aluminum parts should be wired loosely and allowed to freely
expand without constraint.

CONCLUSIONS
In this very brief article, the causes of distortion when heat treating
aluminum alloys are discussed. This is a very complex subject, and
many papers have been written to cure the very expensive problem
of aluminum distortion during heat treatment.

Should you have any questions or comments on this column, or
suggestions for further articles, please contact the author or editor. §
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HORIZONTAL QUENCH SYSTEM

For Solution Heat Treating Aluminum

A cost effective alternative to a drop bottom furnace that optimizes floorspace, with quench times as low as
5 seconds, and load ratings of 8,000 |bs or more! The horizontal quench system has maximum temperature
ratings up to 1,250° F and provides excellent temperature uniformity capable of meeting the strictest
Aerospace and Automotive requirements.

DataSensem

TECHNOLOGIES

Available with DataSense™
Technologies loT Based
Performance Monitoring System

Benefits:

» Lower capital cost than a comparable
drop bottom furnace, with a significantly
smaller footprint

» Quench times as low as 5 seconds
« Load sizes of 12' long and larger

« High load capacity of 8,000 Ibs
or more, for castings, extrusions,
sheets and others

« Automated quench process for a
streamlined production process
and consistent results

« Designs that meet stringent specifications
such as AMS2750 and CQI9

« Floor level design for convenient, safe
maintenance access, unlike drop bottom
furnaces, which are elevated

« Fully factory assembled and tested
prior to shipment to reduce installation
and start-up delays (customers are
encouraged to witness final equipment
testing at Wisconsin Oven)

« Includes the DataSense™
Technologies loT Based Performance
Monitoring System

Wisconsin Oven Corporation
2675 Main Street - PO Box 873 - East Troy, WI 53120

Wisconsin Oven is a brand of
Thermal Product Solutions, LLC
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Achieving merit can be a good thing for suppliers, but it's important
not to get complacent and let quality system requirements slide.

The benefits of the Nadcap merit process

suppliers are able to receive something called “Merit.”

If your suppliers meet certain criteria, they are able to
secure a merit status, which enables suppliers to have a longer
period between audits; this can be 18 months to two years. This
may be a cost savings source, although, while you may not have
a choice from PRI standpoint, having merit may not always be
a benefit, depending on how your organization is structured and
supported.

u ccording to PRI/Nadcap Operating Procedure NOP-1111,

WHAT IS “MERIT"?

Merit allows Nadcap-accredited suppliers to reduce their audit fre-
quency to every 18 months or, if you meet certain criteria, every
24 months. This merit process may not be good for every supplier.
It really depends on your management system and support. Your
company may have a management system that is very involved and
is able to support the two-year merit process. Other companies may
not have the support needed. Below are the separate requirements
needed to achieve merit.

18-Month Merit
Be at least the second reaccreditation audit in the commodity.

» No Non-Sustaining Corrective Actions identified on current
or previous accreditation audit or on any additional scope audit
between the current and previous accreditation audit.

% No verification of corrective action (VCA) audits as a result of
current or previous accreditation audit.

» No Type C Auditee Advisories (reference OP 1109 Auditee
Advisories) issued by that Task Group since the start of the previous
accreditation audit.

» No more than 14 days of cumulative delinquency.

» No more than 50 percent of major and 60 percent of total NCRs
allowed for mode B reaccreditation audit failure criteria in OP 1110
Audit Failure and Risk Mitigation.

» Any other reason not addressed above and defined by the Task
Group in their OP 1114 Task Group Operation Appendix or docu-
mented in the audit merit screen and approved by quorum during
Task Group Review.

24-Month Merit
Previous two consecutive accreditations in the commodity must have
been a minimum of 18 months each.

» No major NCRs.

» No more than seven days of cumulative delinquency.

» Any other reason not addressed above and defined by the Task
Group in their OP 1114 Task Group Operation Appendix or docu-
mented in the audit merit screen and approved by quorum during
Task Group Review.
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Once the merit status is achieved, the challenge
typically lies in maintaining the existing quality
system to ensure conformance.

MAINTAINING MERIT
Once the merit status is achieved, the challenge typically lies in
maintaining the existing quality system to ensure conformance. I
have seen suppliers get too relaxed with their daily quality assign-
ments, which are typically discovered in the next Nadcap audit. This
is especially true for suppliers who are on the two-year merit process.
I would recommend that anyone who has achieved any level of
the merit process treat their quality system as though they will be
audited every 12 months. Actually, performing internal audits every
12 months will also be helpful, depending on what the internal pro-
cedure for audits states. This would mean that constant review of
documentation is required along with consistent testing and verifi-
cation of production cycles.

SUMMARY

Merit can be seen as a good thing to some suppliers due to what is

required to achieve it. To others, it may not be conducive to the qual-
ity systems. Each supplier is different and it is important to keep up
with quality system requirements regardless of the merit status. §
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VERTICAL BOTTOM LOADING
VACUUM FURNACE
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MENTOR® PRO
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VBL SERIES

Solar Manufacturing’s VBL Series of vertical bottom loading vacuum furnaces
are designed to process a wide variety of aircraft engine components such
as blades, rings, stators, nozzles and structural parts such as forgings for
wings, landing gear, and many others. Our innovative engineering integrates
our energy efficient hot zones, feature-rich SolarVac® automated controls,
and our high performance gas quench systems for 2 bar or higher quench
pressures. Matched with our outstanding customer service and reliable
aftermarket support, we will keep your furnace running year after year.

THE BRIGHTEST SOLUTIONS THROUGH INGENUITY

MANUFACTURING

267.384.5040
sales@solarmfg.com

solarmfg.com

Give us a call to learn
more about our vacuum
furnace ingenuity.
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The aerospace industry is evolving quickly and creating new
challenges every day, requiring innovative heat processing
solutions that are larger, smarter, better, and faster.

By MIKE/ GRANDE

omposite cure ovens are becoming larger than ever to
accommodate enormous composite parts that require
c vacuum bag curing and post cure.

When a leading private space exploration company
decided to manufacture its rocket fairings out of composite material,
instead of the aluminum alloys used in the past, it would be breaking
new ground. These would be the largest composite fairings ever made.
Composite materials must be cured in a high-performance oven capa-
ble of heating and cooling at a strictly controlled rate and maintaining
very tight temperature uniformity throughout the heating chamber.

In order to cure these fairings, the company purchased the larg-
est composite cure oven ever manufactured. The oven had a heating
chamber that was 34 feet wide x 90 feet long x 32 feet high and a load
capacity of more than 100,000 pounds with a maximum temperature
rating of 500°F. In order to ensure the temperature inside the oven
was within tolerance, the oven had to pass a uniformity test using test
thermocouples to measure the air temperature at 210 locations within
the heating chamber. After the equipment was installed and final
adjustments were made, the thermocouples all measured within +10°F
of the oven set point at three different temperatures. To achieve this
feat, the oven featured a 272,000 CFM (cubic feet per minute) blower
system, which recirculated 1.2 million pounds of air per hour across
the parts. (Figures 1 and 2)

The oven also had an extensive vacuum system required for vac-
uum bagging the parts. It used 100 individual vacuum ports, each
capable of operating at a different separate vacuum level and main-
taining each of them using closed loop control.

The oven airflow system was designed using computational fluid
dynamics (CFD) software, which simulated the air circulating through-
out the heating chamber and around the parts in three-dimensional
space. Through this airflow modeling, it was determined the best
airflow pattern was bottom-up, in lieu of the more conventional com-
bination airflow using supply ducts on the side walls of the heating
chamber. In order to provide the bottom-up airflow pattern, a large
supply duct was buried in the floor under the load and had air supply
louvers on the top to direct air vertically upward and through the
heating chamber. The duct was the same width and length as the
heating chamber. This thoroughly bathed the load in heated air, and
left no areas where it could bypass around the parts.

AEROSPACE OVENS BECOME MORE INTELLIGENT
WITH INDUSTRIAL 10T
Over time, all industrial equipment will experience wear and become
vulnerable to breakdown, and this includes industrial ovens. In the
aerospace industry, a single load being processed in an oven can have
avalue of well over $100,000. It is critical, therefore, that unexpected
shutdowns be minimized to avoid the loss of a load. The latest tech-
nology to ensure maximum oven uptime and avoid shutdowns is an
industrial IoT (Internet of Things) performance monitoring system.
The IoT system tracks the performance and health of a variety of

Figure 2: Interior view large batch oven.

oven components and operating conditions such as motor vibration,
controller output percentage, chamber pressure, motor speed, current
draw, burner operation, and many others. The system features an IoT
gateway, which collects information from predictive maintenance
sensors that gather performance data from the oven. The gateway
wirelessly transmits the data to a cloud platform where it is dis-
played in dashboards designed for viewing and analytical monitoring.
Thresholds can be set around warning or alarm conditions, and when
exceeded, the system alerts the oven manufacturer or the end user of
the anomaly. This allows time to schedule preventative maintenance
and minimize unplanned downtime. Since the system uses cellular
data transmission and does not connect to the factory network, it does
not create a security vulnerability. Industrial IoT also provides the
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ability to monitor the energy consumption of
the oven, allowing the owner to achieve opti-
mum efficiency by adjusting the temperature
and other curing parameters.

In addition to predictive maintenance,
an IoT system can diagnose problems arising
from improper oven adjustment or operation.
If the oven has suddenly started consuming
more energy or producing improperly cured
parts, the IoT system can often determine
the cause (an incorrectly adjusted exhaust
damper or a burner that needs cleaning, for
example). The IoT system can also reveal if
the oven is not being operated properly — if
an operator is leaving the door open too long
during loading/unloading, for example, wast-
ing energy and money. Perhaps the biggest
benefit is that all of this is done without a
service visit from the oven company, mean-
ing the issue is resolved in hours, instead of
days or weeks, at a much lower cost. (Figure 3)

ADVANCED CONTROL AND

DATA ACQUISITION FOR OUT OF
AUTOCLAVE PROCESSING

With the increasing use of vacuum bag com-
posite processing for aerospace components,
there is a need for more sophisticated control
and recording systems to optimize the curing

BURANER

Figure 3: Oven IOT systems installed throughout the U.S.

process and track the data collected. The end
user must be concerned with both the vacu-
um level and the temperature of each part
and have this information recorded, archived,
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and time stamped. This is necessary so that, if
there is an improper cure leading to failure

of a part in the field, it must be trackable to
the specific oven load. (Figure 4)

]

The core of the system is a PLC using
special software designed specifically for

vacuum bag composite curing. The tempera-
ture is controlled via input from one or more

thermocouples (TCs). The TCs can be located
in the heated air stream or buried in the part
or both. Using leading, lagging, and averaging functions, along with

thermal overdrive, the parts are heated evenly as quickly as possible

without overshoot. With thermal overdrive, also known as a controlled

heat head, the oven temperature is elevated for a period of time during

the heatup portion of the cure cycle. This forces the part to heat more

quickly than if the oven was set right at the required cure temperature.
After the part temperature approaches the cure temperature, the con-
trol system automatically reduces the oven temperature to the part
cure temperature. Thermal overdrive provides faster heating rates,
resulting in shorter oven cycles and increased production through

the equipment. (Figure 5)

In addition to thermal overdrive, the advanced control system uses
the TCs buried in the part to provide a guaranteed soak, where the
soak time doesn’t start until all the TCs are up to the required cure
temperature, ensuring the entire part has been thoroughly cured.

Another feature important to aerospace manufacturers is that,
prior to heating, the system checks the vacuum at each port for leaks.
Anyleaking ports will be displayed, and the operator must then either
deselect the bad ports or fix the leaks and run the leak test until suc-
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Figure 4: Advanced control systems monitor the load temperature.
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Figure 5: Thermal overdrive temperature graph.

cessful. This helps ensure no parts are processed under insufficient
vacuum, which can cause defects. Monitoring of the vacuum levels
continues during the heating cycle, and low- or high-vacuum levels
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Maximum Thickness (Note 2)

Maximum Time Seconds

tinuously logs data in the background during

|

Inch Millimeters | (Mote 3) oven operation and generates a report after-
Upto 0.016,incd | Up 1o 0.41, incl | 5 wards. When a batch is completed, the system

Ower 0,016 to 0.031, incl | Cwer 0.41 to 0.79, incl | T : : : :

: : ueries the data for all information matchin,

Ovwer 0.031 to 0.090, incl Over 0.79 10 2.29, incl | 10 ?h batch ID. includi e inf G 5
Over 0.090 Over 2.29 ! 15 , the batc » including recipe information,
Moles: 1. The delay time is measured from the time the fumnace deor of an air fumace staris to open, or the interval readings for the thermocouples and

first portion of the load emerges from a fluidized bed or sall bath or the heating zone of a
continuous furnace, to complete immersion of the load n the guenchant,

2. Minimum thickness is the minimum dimension of the thinnest section of any part in the load.

3. The maximum quench delays specified may be exceeded providing tests made within the past
yaar have demonsirated that par lemperatures do not fall below 775 "F (413 "C) bafore
immersion excepl, for 2219 alloy, part temperatures shall not [all below 800 °F (482 "C) belore

immarsian.

Table 1: Maximum allowable quench delay times. (Source: AMS2770)

O O

Overall System Length -

Figure 6: Drop bottom floor space requirement.

Overall System Length

-«

Figure 7: Horizontal quench floor space requirement.

are reported. In the same way, the system can detect a failed control
thermocouple and switch control to a backup one to prevent failure
of the load.

In order to meet the stringent traceability requirements of the
aircraft manufacturers and others, the advanced control system con-
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vacuum transmitters, alarms, and all other
batch specific information. A batch report is
then created that contains all this informa-
tion, as well as graphs and tables related to
the run and logs it into a database.

HORIZONTAL QUENCH SYSTEMS, FASTER

QUENCHING THAN EVER

Until recently, the vast majority of aluminum solution heat treatment
was performed in drop bottom furnaces. This style of furnace is ele-
vated on legs and has a door on the bottom through which the load
is quickly lowered into the quench tank below using a hoist located
on top. The quench tank rides on a traveling powered car so it can be
moved into place beneath the furnace for quenching. (Figure 6)

The primary advantage of drop bottom type furnaces has tradi-
tionally been a fast quench speed, defined as the time from when the
furnace door starts to open until the load is fully submerged. A quench
time of 7 to 10 seconds is typical, and 5 seconds is even possible for
smaller loads. The disadvantages are the price of the equipment and
the space requirements within the factory. Also, there is a tendency for
steam to rise from the tank during quenching and become absorbed
into the furnace insulation, which can cause problems.

In recent years, an innovative alternative to the traditional drop
bottom system has gained popularity: the horizontal quench system
(HQS).In this design, the door is on the front of the furnace, as opposed
to the bottom. After the load is heated, the door rapidly opens and a
specially designed extractor quickly transfers the load from the fur-
nace chamber onto the quench elevator in front of the furnace. The
quench elevator then rapidly lowers the load into the quench tank.
(Figure 7)

In the past, the state of horizontal quench technology was such that
itwas only suitable for pieces with a thicker cross section, typically cast
parts, where a longer quench time is allowable. The first-generation
horizontal quench systems had a typical quench time of 15 seconds
or longer and could not meet the 5 to 10 seconds required for thinner
materials in accordance with AMS2770 (Table 1).

Through advances in sensor and motion control technology, along
with improvements in material handling techniques, the quench time
for horizontal systems has progressively improved over the years.
Quench times of 7 seconds are routine even for loads up to 12 feet long,
weighing 3,000 pounds. This allows HQSs to meet aerospace heat-treat-
ment requirements, while offering the advantages of lower capital
cost and reduced footprint in comparison to drop bottom equipment.

With the increasing demand for aluminum horizontal quench sys-
tems, the trend is toward shorter quench times and larger loads, and
the horizontal quench system is meeting these needs for the aerospace
industry. §
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4D0 can be viewed as a new tool that manufacturers
can now pull from their toolbox to have an answer for
controlling distortion during heat treatment.

By THOMAS HART

hen providing heat treatment for aerospace gears and
bearing components, manufacturers are traditionally
left with three choices for thermal processing: continu-
ous flow atmospheric furnaces with press quenching in
oil, or batch heat treatment in both vacuum and atmospheric furnaces
with quenching in oil (or high-pressure gas, as in vacuum). All three
techniques differ in benefits and disadvantages associated with geo-
metric distortion, environmental impact, and safety concerns.

A single-piece flow (SPF) vacuum heat-treatment furnace with
the capability to provide high-pressure contour gas quenching to
a single piece or “4D Quench” (4DQ) provides continuous flow heat
treatment with low geometric distortion, environmental impact,
and personal safety concerns. This system has the flexibility of oper-
ating in a batch style work cell, or it can be sized up and inserted in
a continuous work cell, operating without human interference. 4DQ
technology equals the speed of an oil quench and the cooling gas
nozzle profile can be optimized based on actual part geometry. By
controlling the direction of the cooling gas spray with part rotation,
manufacturers now have the ability to control how fast or slow a
part section cools providing a better quench. With this improved
uniformity, larger and previously pressed quenched parts can now
be processed in a 4DQ system.

SPF vacuum heat treating system will thermally process and
quench every part the same way, in the same position, with the same
timing, one by one. All components undergo the same process param-
eters, producing consistent and high-quality results for an entire
part series. With SPF vacuum heat treatment, aerospace gear and
bearing manufacturers can safely and environmentally friendly out-
put identically processed and uniform components while reducing
geometric distortion of their heat-treated components. This article
will also summarize a half decade’s worth of research associated to
SPF with 4DQ Vacuum Heat Treatment.

1INTRODUCTION

Aerospace work ... what can you say ... well, you can say a great deal
about the topic. Manufacturers who meet the rigorous standards
set forth by the aerospace industry will say, “It is challenging.” The
demands of aerospace applications stretch the boundaries of mate-
rial science daily, while they seek to maximize efficiency at the low-
est possible weight. These rigorous standards also come at a high cost
and lead manufacturers to seek cost saving opportunities in any area
of the manufacturing process.

Aerospace vehicles are designed to oppose one of nature’s most
relentless forces: gravity. As such, the vehicles are designed and man-
ufactured to overcome these forces to promote transport of humans
and/or materials to both the accessible and not-so-accessible parts of
the globe at a moment’s notice. This means aerospace components
have a common interest: Lighter is always better. But how do you
get there? It’s a constant struggle between a component being light-

weight yet having good strength and mechanical properties. In addi-
tion, these components must maintain this strength in some of the
harshest working environments on Earth.

Materials are constantly being developed to meet these rigorous
requirements through improved strength at reduced weights. Yet,
with all the material advancements, the capabilities of the heat-
treating industry have remained nearly stagnant.

Why, you ask? There are many reasons, but one specifically per-
tains to the fact that historically, materials have been designed
around “standard” heat-treatment techniques. This is counterintui-
tive. If you look at the entire manufacturing chain, there are count-
less efforts to improve quality, manufacturing time and mechani-
cal properties. These improvements are achieved by manufacturers
investing time and resources to incrementally (and sometimes
drastically) improve various links in the chain. However, heat treat-
ment now has finally made the turn and is catching up to other
manufacturing advancements. This heat-treatment advancement
has come from an unlikely, or should I say unexpected, source: the
quenching chamber.

2 HELICOPTER PRODUCTION
Looking at helicopters, for example, a private helicopter cost can fall
in the range of $250,000 to $2 million for a new unit. Contrast this
with military applications where a new unit can cost up to $72 million.

Advancements have been made throughout these aircraft on a
nearly continuous basis thanks to customer demands for higher, and
in some cases, extreme performance. By default, these advances in
components have resulted in advancements in the manufacturing
process. This is true for one of the key systems needed to meet the
extreme performance demands: the aircraft transmission systems.
Here, advances in materials and machining are common, but heat
treating remains stagnant. Manufacturers that produce transmis-
sion and bearing systems are under the highest levels of scrutiny
to produce ultra-high-quality components to the tightest of toler-
ances with sophisticated machining centers and quality measure-
ment systems. To do so, transmission system components are heavily
reliant on heat treatment and its ability to ensure the components
will survive the very demanding working conditions set forth. If
the heat treatment fails while an aircraft is in operation, there can
be catastrophic consequences. To ensure the aircraft will perform
as intended, there is a large portion of the manufacturing process
dedicated to the transmission system accounting for 9 percent of the
overall cost to manufacture a helicopter [4] and in some cases can be
as high as 15 percent. If you take the 15 percent cost of a transmission
system against the overall cost of $72.1 million for the V-22 Osprey,
this can amount to $10.8 million.

Transmission systems use (but are not limited to) hardening/case
hardening materials such as 8620, 9310, Pyrowear X53, Ferrium C62,
Ferrium C64, M50, 440C, 52100, BG-42, Pyrowear 675, etc. As such,
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R-22: Robinson
0.25 MLN USD 1

EC120: Eurocopter
1.7 MLN USD 1

S70i Blackhawk: Sikorsky/Lockheed
13.0 MLN USD

CH-47 Chinook: Boeing
32.0 MLN USD 3

Table 1: Helicopter vehicles’ costs.

these materials will all respond differently 3250
when subjected to thermal processing and 3000
quenching. With varying production meth- 2750
ods, manufacturers must take special care 2500
when producing a gear/bearing as distor- ~ Fast 2250
tions attributed to the heat treatment are el 2000
very expensive to correct/rework and even Medium £ s
more expensive to start over if materials (e Z 1500
deviate too far out of specification. As a Slow S 1250
result, established thermal processes in this 2 1800

field are slow to evolve. TR0
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3 BATCH OIL, BATCH HPGQ
& PRESS/DIE QUENCHING b
When working with the various grades of
materials, not only do machining practices
require adjustment, heat treatment must be
adjusted as well. A one-size-fits-all solution
(asisin traditional heat treatment) is not the
most effective or optimized way to thermally process materials. Batch
processing leads to a high variation from partto-part including but
not limited to different thermal exposure, carbon absorption, heat
transfer coefficient during quenching, and geometric distortions after
the completed process.

Analyzing geometric distortions closer, batch processing (specifi-
cally when oil is the quenching media) provides the most inconsis-
tent quenching platform among the common methods used. Batch
processing in high pressure gas quench (HPGQ) systems will provide
less distortion than that of oil as it is a much softer (less aggressive)
quench. A tradeoff with HPGQ vs. oil quenching is that HPGQ in
traditional vacuum heat-treatment systems does not have the same
heat-transfer coefficient capability than that of oil. As a result, HPGQ
has a more difficult time to quench lower alloy and thick cross sec-
tion gears/bearings to achieve the desired mechanical properties.

Figure 1: Batch HPGQ vs.
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V-22 Osprey: Bell/Boeing
72.1 MLN USD 4
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batch oil quenching.

Figure 1 shows heat-transfer coefficient o[W/m?K] when quench-
ingin a batch furnace with high pressure gas quenching versus slow,
medium, and fast oils. With nitrogen gas (most commonly used high
pressure gas quench in the market), you will need a 16 Bar gauge
to begin to quench as fast as a slow oil. Helium and hydrogen can
be used; however, helium is very expensive, and helium-recovery
systems are as expensive as the furnace itself. Hydrogen is abun-
dant and very inexpensive; however, with safety concerns in mind,
itis not a practiced quenching method. Referencing the w lines, this
represents the cooling power capacity when applying higher power
loads to the cooling fans during the beginning of the quench cycle.
Figures 2 through 5 represent traditional heat-treatment equipment
for processing aerospace gear/bearing components.

When HPGQ is not strong enough and batch oil quench provides
too much distortion, this can force a gear/bearing manufacturer to
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Figure 2: Batch 1Q with oil quench.

Figure 4: Rotary hearth atmospheric furnace.

resort to the press/die quenching technique after thermal process-
ing of the material. Press quenching is an effective technique to
achieve proper hardness while reducing geometric distortion. The
press quenching process is well suited for:

» Case and through hardening of steel parts (gears, rings, etc.).

» Parts sensitive on hardening distortion.

» Thin cross section and large dimension parts.

» Individual hardening.

» Maintaining dimensional stability which controls distortion.

» Good repeatability of the results.

» Distortion related to press quench hardening can keep the qual-
ity features from changing only 1 to 2 AGMA Class differences from
a green gear condition.

With all the benefits associated with press quenching, there
are tradeoffs to this approach as well. When considering the press
quench method, disadvantages to be considered with the heat-up
furnace include:

» Gear quality issues associated with intergranular oxidation
(IGO).

» Equipment safety issues with open fires and radiation.

» Equipment environmental issues with carbon monoxide and
carbon dioxide.

After heating the furnace, one must consider the process of trans-

Figure 5: Manual transfer to press quenching.

ferring an individual gear/bearing from the furnace to the press
quench equipment where:

» There are operator safety issues as they can be exposed to high
levels of thermal radiation from the furnace and when manually
handling the gear while it is at temperature.

» Additional quality issues are associated with IGO during trans-
fer from furnace to the press quench.

Concerns with the oil press itself include:

) Safety issues related with the open fire.

» Health and environmental issues associated with oil vapor
emissions.

» High costs associated with expensive quenching dies needed
for each part geometry.

After press quenching, the need for a parts washer is required for
oil removal prior to tempering and post machining:

» The washing process requires special chemicals and upkeep
for system operation.

» Environmental issues associated with the neutralization of the
washed oils.

4 AEROSPACE’S TRANSMISSION
PROBLEM: DISTORTION

Traditionally, when heat-treating distortion is a problem (no matter
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the heating or quenching method) but the
mechanical properties are as desired and the
component works in its application, there
is a solution: Make more parts. To increase
the volume of parts produced (over the
required quantity), the attrition from heat
treatment is accounted for. A newly released
design can have above 70 percent in attrition
where a mature design can have up to 25
percent. Materials distort for many reasons,
raw material composition, Jominy of the
steel (hardenability), aggressive machining,
heating ramp, carburizing, quenching, etc.
Engineering and production can then be
led to choose the press/die quench method,
which promotes less distortion, or it can be
used to remove distortion already existent
in the part before quenching.

An additional point to consider:
Aerospace parts are not like automotive
where aerospace runs are in small batches

(say 20 to 40 pcs) from a wide variety of
geometry and sizes. This fact alone has
made it difficult to plan for the heat-treat-
ment demands required for aerospace gears/
bearings. In special cases, some of the most
difficult aerospace gears can cost more than
$50,000 per gear to produce. Because of this,

maximum care must be taken at all areas

Quenched part

|

p—

of the manufacturing process to ensure the
gear does not deviate from specification dur-
ing production.

5 AEROSPACE’'S TRANSMISSION
SOLUTION: 4D QUENCH

4DQ is a new technique that has six years
of maturity and is the first heat-treatment
advancement of this kind. 4DQ is a tool that
can provide gear and bearing manufactur-
ers significant improvements to the quench
process as it gives full control of how fast

Feature

Quench Pressure

Figure 7: 4DQ gas flow out of the nozzles.

Description

1to 10 Bar abs. gas pressure

or slow heat is removed from a component’s .
Nozzle profile

Varying nozzle diameters, locations and angle of attack

geometric area. Quenching can now be

engineered and planned vs. guessing based Gas Velocity

Cooling blower RPM control with frequency drives

on years of experience. Heat transfer coef-  Table Rotation

ON or OFF with RPM and directional adjustment

ficients at specific sections of a component

Time Dependent Gas Flow

Gas flow can be set to a specific time duration

can be controlled, for example, in the case
of a heavier cross section, one may want a
much faster heat transfer; however, in a thin
cross section, a much lower heat transfer may be desired (if any at all).
This type of control allows for homogeneous cooling of the entire
component throughout the 4DQ process.

4DQ works when a component is placed in the quenching cham-
ber; the chamber is then pressurized (up to 10 Bar abs.); the powerful
cooling blower(s) are engaged and starts the closed loop circulation
of the pressurized gas. The cold quenching gas passes through the
quenching manifold nozzles or orifices and passes across the desired
section of the gear/bearing with the hot gas exiting out the side
between the top and bottom manifolds and on its way to the heat
exchanger to then return back to the manifold. This process only
describes the system’s 3D quenching capabilities, to introduce 4DQ,
the gear/bearing is then rotated as the cooling gas passes over the
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Table 2: 4DQ controllable/adjustable features.

component creating a contoured cooling profile around all desired
surfaces. Combining the 3D gas flow from the nozzle manifold and
the 1D of part rotation, you now have a true 4D quenched component.

6 4D QUENCH: LARGE COMPONENT CAPACITY

Unlike automotive components where there are vast quantities of
the same gear manufactured, aerospace has a very different demand
in the form of smaller numbers of complicated gear shapes. Thus,
they require different thinking on how the manufacturing process
will work. With the wide variety of component geometries, alloy-
ing elements, demand for reduced weight and low-production vol-
umes to the aerospace industry, these constraints lead to the need
for heat-treatment equipment to be flexible as to accommodate the
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Figure 8: 4DQ Standard vertical flow quench manifold.
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Figure 10: 4DQ “ring gear” quench manifold.
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wide array of geometries with small lot sizes. When gear and bear-
ing manufacturers have gears/bearings to produce that have diam-
eters of 12”, 18”, 24”, 36”, etc., 4DQ has the answer. 4DQ systems are
modular in design and are flexible to meet any gear/bearing size
demand. A single-piece flow SPF vacuum furnace with low pressure
carburizing (LPC) and a 4DQ system can accommodate the largest
of diameter gears/bearings that the aerospace industry is required
to produce. Able to process materials all under vacuum, this system
has separate chambers for material handling, heating/carburizing,
and 4DQ. Materials and fixtures of varying sizes can pass through
this furnace allowing manufacturers not to have to worry about
the wide variety geometric configurations and batch sizes they are
required to produce. This type of furnace can also be placed in line
with a machining work center where gears/bearings can be green
machined, washed, pre-heat-treatment inspected, heat treated in the
SPF furnace with 4DQ, and onto post processing.

Figures 9 through 11 show examples of various 4DQ manifolds
for different geometric profiles. Figure 8 represents a standard verti-
cal flow manifold as the nozzles/orifices are evenly distributed on
both the top and bottom manifolds providing vertical quench flow.
Figure 9 represents a pinion type manifold where the top manifold
surrounds the length of the pinion and contains the majority of
nozzles with a close concentration of nozzles where the pinion head
is oriented. Figure 10 is for a larger ring type gear where the nozzles
are concentrated around the entire contour of the ring gear. Figure
11 is an example of a 4DQ generic manifold that provides even and
horizontal gas flow around the component and can be used with
any geometric profile that fits within the furnace working volume.
There can be multiple columns surrounding the working diameter.

S -

Figure 9: 4DQ “pinion” manifold.
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Figure 11: 4DQ generic quench manifold.

7 4D QUENCH: MODULARITY

4DQ is not only designed to be adjacent to the SPF furnace; how-
ever, because it is a modular system, it can be paired with other
furnace processing systems. The system in Figure 12 isolates the 4DQ
system showing its main features such as the hardening chamber,
heat exchanger, and blower. A nitrogen generator is presented in
this example; however, nitrogen can be supplied by a bulk nitrogen
system. When oxidation is not a concern, 4DQ can also operate with
clean compressed air, allowing it to be a companion quenching sys-
tem to an atmospheric heat-treatment system. What this means is
that 4DQ not only can operate with vacuum equipment, but it can
operate with atmospheric systems as well, giving manufacturers a
new vision of how to better process their materials.

8 DIMENSIONAL STABILITY

In Figure 13, the 4D HPGQ process was completed on a coupling gear
with internal teeth. Measurements were analyzed in a pre-heat-treat-
ment condition and post hardening condition. The coupling gear
was produced from 8620 and had a 6.3” [160 mm]| outside diameter.

9 SUMMARY OF 4DQ BENEFITS
» Reduction, prediction, and control of distortion.
» Precision and repeatability of results.
» Improved safety and no fire risk.
7 Total process automation and integration.
¥ Full single part traceability and reporting.
» Flexible, on-demand operation.
» No human involvement and impact.
» Compact footprint.
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N, Generator
System

Figure 12: Modular 4DQ system example.

» Elimination of press tooling.

» Eliminates the need for furnace fixtures.

» No decarburization or oxidation.

» Clean part surface (vacuum).

» Nitrogen or Air quench (neither oil nor helium is needed).
» Elimination of copper masking or stop off paints.

» Elimination of high-temperature radiation.

» Elimination of oil and oil vapor contamination.

» Elimination of washers and cleaning chemicals.

¥ Safe and environmentally friendly process.

10 CONCLUSION

Heat-treatment distortion is a problem for aerospace gear and bear-
ing manufacturers. Attrition due to heat treatment is a constant
struggle that unfortunately has been a problem for far too long.
Engineers are great at solving problems when given the proper

devices to do so and machinists can do highly precise work with

steel when they have proper amounts of steel to machine away. When

material-size change during the manufacturing process is unpredict-
able, engineers and machinists become very ineffective at what they
are good at. 4DQ can be viewed as a new tool that manufacturers

can now pull from their toolbox to have an answer for controlling

distortion during heat treatment. 4DQ is flexible, modular, and can

be used in many heat-treatment applications. It is environmentally
friendly and is a low-cost solution for extremely high- quality out-
put.4DQ provides controlled cooling, giving predictable results with

minimal distortion ;which leads to a reduction to the amount of work

in process, attrition, and increase of overall quality of the materials

and downstream operations.
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Figure 13: Coupling gear — internal teeth distortion.

direct application in downstream production chains of mechanical
gearing and bearings.” §
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IS0 17025 accreditation is a great way to showcase
laboratory competence, as well as uphold high standards

in the company organization.

By BIAGIO ORLANDO

SO 17025 standards within the heat-treating industry

are important when it comes to methods of calibration.

This is especially important at BASF, a company

whose product portfolio includes precious metal (PGM)

thermocouples, IR optical pyrometers, thermocouple recycling ser-

vices, and calibration services. BASF’s calibration laboratory is ISO

17025 accredited for calibration of several types of thermocouples
including B, E,J, K, N, R, S, T, BN, BP, and P.

BASF alsois active in several different markets such as glass, semi-
conductor, solar and turbine energy, calcining, and petrochemicals.
The heat-treating industry covers a larger group of processes where
the main scope is to alter physical and, sometimes, chemical proper-
ties of a material.

The industry has been through a deep
change over the years, the main reason
being to constantly improve process per-
formances on several different aspects and
through several different requirements.

THE ROLE OF QUALITY

During these changes, quality has played an
important role to predict outcomes of indus-
trial product production lines and detect
early signals of process deviation using sta-
tistics and sampling methods.

Quality scope implemented through a
quality management system (QMS) has cre-
ated more sustainable initiatives involving
both investor and customer and creating
systematic control methods, documenta-
tion, and software. The system is focused
on two main aspects: customer satisfaction
by meeting customer requirements and the
alignment with the organization’s purpose
and strategy.

Quality standards are the result of this
initiative. The ISO 9000 family is probably
the most widely implemented worldwide.

ISO 9001:2015 emphasizes the two main aspects of QMS by defin-
ing targets, policies, documents, and resources needed to implement
and maintain the QMS. In particular, the standard defines several
different aspects:

» Management, design, materials, facilities, production, and pro-
cess controls.

» Corrective and preventive actions.

» Documentation and data storage: How to follow and keep trace
of processes and changes.

In general terms, the system requires the performance of these
processes to be measured, analyzed, and continually improved, and,
because the ISO 9000 standard covers a broad spectrum of products

and processes, it allows some degrees of freedom: It is left to manu-
facturers to determine the necessity to extend some quality elements,
develop and implement procedures tailored to their particular pro-
cesses and devices, and to select specific parameters of the process
to keep under control.

We can say the system defines the guidelines to validate both
products and services, but it does not define the methods on how
to do it.

STANDARD’S REQUIREMENTS
ISO 17025 answers this need by defining “General requirements for
the competence of testing and calibration laboratories.” This stan-

1SO 17025 is intended to be used as requirements for the competence, impartiality, and consistent
operation of testing and calibration laboratories of all sizes or numbers of employees, regardless of
industry. (Courtesy: Shutterstock)

dard is intended to be used as requirements for the competence,
impartiality, and consistent operation of testing and calibration labo-
ratories of all sizes or numbers of employees, regardless of industry.
It includes the following main requirements:

) Process requirements (requests, tenders and contracts): How do
you ensure you can do exactly what the customer wants done?

> Method selection, validation, and verification: What procedures
are used to select, verify, and validate the methods intended (defin-
ing the scope)?

> Handling and sampling: What procedures, planning, and docu-
mentation are required?

> Records and reporting: What technical records should be kept,
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what should they contain, and how to report the results to the cus-
tomer?

> Measurement uncertainty: How do you evaluate and report the
measurement uncertainty of your calibration?

»» Complaints and nonconformity: How do you need to handle com-
plaints and work you have done that is found to be nonconforming?

»» Data and information management: How do you manage your
data and laboratory information system to ensure it is valid and that
you have access to what you need?

With those premises, the question to address is: What values does
ISO 17025 bring to heat-treating industry?

Following the ISO 17025 approach, we need first to define the
scope of the product validation method. To do so, we need to define
the specific requirements.

All heat-treating processes can be categorized based on several
different aspects:

» Treatment type such as annealing, hardening and tempering.

» Market such as automotive, computers, machinery, or construc-
tion.

» Application type; the most common is metallurgical, but there
are many others such as glass, insulation material, or crystal-growth.

GLASS-CONTAINERS MANUFACTURING
Different processes means different requirements. Let’s take glass-
containers manufacturing as an example:

A stream of molten glass is cut with a shearing blade to form a
solid cylinder of glass, called a gob, where it is guided into a molding
machine and into the cavities where air is forced in to produce the
neck and general container shape.

In this process, temperature represents one of the most impor-
tant process parameters to be kept under control. The measurement
of the temperature is done using thermocouples and/or an optical
pyrometer.

The precision of the measurement has a direct impact on both
process and product: The difference between the real and the mea-
sured temperature has a direct effect on the quality of product,
increasing the number of defects.

The reliability of the reading has also mid- and long-term con-
sequences: The thermocouple shows what is called “electromotive
force (EMF) drift” — the difference between the real and measured
value increase during that time. Positive drift effects are very rare,
and it is almost always in the negative direction. This means the dif
ference between the desired temperature value and the measured
value is always negative, and the energy given to the system to keep
the temperature setpoint is higher than needed, and the process
yield decreases.

Precision and reliability are called “process requirements” as per
ISO 17025. In this case, but also in many others, temperature is one of
the most important measurement parameters for process monitor-
ing and control in various industries. It is evident how measurement
error and progressive deviation need to be defined and monitored
as well as the process itself, and the calibration laboratory has the
target of measuring this error.

It is also evident how the ISO17025 starts by defining the process
requirements. This is translated into the scope of the accreditation
where the system asks the laboratory to define what is going to be
measured and how.

Together with the methods of the accreditation, it also guarantees
the laboratory activities and management are committed to impar-
tiality and shall identify risks to its impartiality on an ongoing basis.

The laboratory is responsible for the management of all infor-
mation obtained or created during the performance of laboratory
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Thermacouple Calibration example (*C)

Figure1

Froficiency test example ("C)

Figure 2

Precision and reliability are called
“process requirements” as per I1SO
17025.

activities and must establish and maintain metrological traceabil-
ity of its measurements through a documented, unbroken chain of
calibrations.

IMPORTANT ACCREDITATION ELEMENTS

Once the scope has been defined, there are several important ele-
ments the accreditation brings to the calibration method and to the
measurement data. From my point of view, there are three.

The first element of the standard is the uncertainty budget, which
is the uncertainty of a measurement that defines the variability of
the output by combining the variability of all its contribution.

As one of the most representative examples, a thermocouple cali-
bration’s target is to measure temperature reading deviation within
a specific temperature range. This calibration method produces data
to the customer together with all relevant information related to
both measurement and method.

Figure 1 shows a typical example of a thermocouple type R calibra-
tion measurement. Data has to be compared with a measurement tol-
erance to establish pass/fail criteria (in this case, an internationally
recognized spec such as ASTM E230/E230M special grade). Data also
has to be provided together with the uncertainty specification and
with the used coverage factor. All the information the ISO standard
gathers with the measurement data defines its quality level. The
customer is able to get all the information relevant to its process —
not only the numbers, but also the level of confidence on how they
have been provided.

The second element that distinguishes the ISO 17025 standard



is the proficiency test: Once the method is selected, it needs to be
validated and continuously verified. A proficiency test is the way
the accredited labs keep the calibration method under control. In
most cases, this means the lab performs a calibration alignment
with other accredited labs.

Figure 2 shows a result of a proficiency test. The standard requires
the laboratory to define pass/fail criteria to the test as well as for the
normal calibration process. The comparison of the data takes into
consideration the uncertainty of each calibration method. The stan-
dard also requires that the lab defines the proficiency test time fre-
quency and that the test covers the entire scope of the accreditation.

The customer is, therefore, sure the data are valid because of the
standard requirements. Any deviation of the calibration process needs
to be properly addressed according to the proficiency test results.

The last important element of the accreditation is how the data
is being reported. The standard defines common requirements with
a set of information each test report must contain. The laboratory
shall ensure technical records for each laboratory activity contain
the results, report, and sufficient information to facilitate identifica-
tion of factors affecting the measurement result.

Specific requirements for the test report are also included, such
as test conditions, statement of conformity, the already mentioned
uncertainty, and, where appropriate, opinions and interpretations.

The purpose of the accreditation, in this case, is to provide
the results accurately, clearly, unambiguously, and objectively,
usually in a report that includes all the information agreed to
by the customer, what’s necessary for the interpretation of the
results, and all information required by the method used. In other
words, the calibration report gives the customer a clear explanation
of the calibration method and the meaning of the data reported

in the calibration certificate.

CONCLUSIONS

ISO17025 accreditation is a great way to showcase laboratory compe-
tence, as well as uphold high standards in the company organization.
Customers are assured the process is reliable and conducted in the
correct manner. The ISO 17025, therefore, also gives the customer
opportunities internationally, due to its global recognition. It repre-
sents a guarantee to the customer about the validity and consistency
of the calibration results. §
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C3 Data provides a software platform built specifically for
the thermal-processing industry to help ensure furnace
compliance to a number of industry requirements such as
Nadcap, AMS2750, CQI-9, and more.

By KENNETH/ CARTER, Thermal Processing editor

nsuring certifications for heat-treating applications are
performed correctly and documented properly is an
often time-consuming but necessary final step in veri-
fying crucial work has been done accurately.

But what if there was a way to perform that final step quickly
while maintaining that accuracy? The minds behind C3 Data have
developed an innovative application that can do just that and more.

“We help heat treaters be more efficient,” said Nathan Wright,
who, along with his brother Matt Wright, is a founder of C3 Data.
“We do this by providing them with the tool that helps them com-
ply with a specification or maybe a group of specifications — heat-
treat-specific specifications they’re required to follow to produce a
product. We're essentially building efficiency into that compliance
process surrounding these specifications while also helping ensure
their compliance.”

PERFORMING PYROMETRY TESTS
The technology offered by C3 Data performs pyrometry tests that
must be done to comply with the necessary specifications needed to
make a quality product, according to Matt Wright. There are three
main tests, one being the System Accuracy Test — a comparison of a
test system to find out what the temperature inside of a furnace is
against what the control system says the temperature is. The goal is
to verify whether the control system temperature is close enough to
the test system temperature.
“There are dozens of measurements and interpolations that have
to be considered to get the correct answer,” he said. “Before C3 Data
— and what a lot of people who don’t use C3 Data have to do —is do
all that stuff every single time they perform an SAT, over and over
and over and over again. With our app, it’s a function of going out,
entering what you see on the screen of your test system and your
furnace system, hitting enter, and being done. Everything else is
builtin, and all the checks and balances are integrated into the C3
software. You don’t have to worry about additional work; you get an
immediate pass/fail result and a fully compliant SAT report.”
Every required pyrometry test has a solution through C3 Data’s
technology, according to Nathan Wright.
“We built the software around each specification,” he said.
“Unlike spreadsheets that attempt but can fail to ensure compliance,
we asked ourselves, ‘What does the spec require? And let’s build a
piece of software around every one of those requirements to help
ensure the heat treater’s compliance 100 percent of the time.’ We
did that for the SAT. We also did it for the TUS test (for every make
and model of data logger). We also have an instrument calibration
test module and a module for the alternate SAT that automatically
generates all your A-SAT reports for you. In all of our test mod-
ules, C3 offers full compliance by taking into consideration every
single requirement in the 56-page document — that most of us in

the heat-treat industry are familiar with — called AMS2750. We’re
currently in Rev G of that specification, and just after Rev G was
released, all C3 customers gained automatic and instant access to
those new requirements. As [ mentioned, all the requirements of
the specifications are integrated directly into the C3 software so
that you aren’t — as a user of the software — even allowed to make
a mistake, whether it was intentional or accidental. You just simply
can’t make those mistakes when using C3.”

BEYOND AEROSPACE APPLICATIONS

The specifications within C3 Data’s software aren’t limited to
AMS2750, which is the aerospace side of heat treating, according
to Nathan Wright. The software also includes specifications needed
for the automotive industry and other areas, such as CQI-9 speci-
fications.

“C3 has what we call PRECANNED specifications, which are the
most popular and well-known in the industry,” he said. “But some-
times there are one-off specifications, and in C3, our customers can
optionally create what we call a customized specification. These cus-
tom specifications can be built by the end-user within C3 without
assistance from a third party.”

By offering a variety of necessary specifications, Nathan Wright
emphasized that his company’s goal is to make heat treaters and
pyrometry labs’ lives a little less hectic.

“What we strive to do in our everyday life and the C3 Data world
is to stay true to this idea of making the work life easier and more
enjoyable for the people who use our software,” he said. “When we
started the company, originally it was designed for just pyrometry
labs, but now it’s become available to the entire heat-treat industry.
We want to be able to make sure we’re providing a piece of software
that continues to reinforce that philosophy of that work-life balance
and making that worlk-life portion of it easier and more enjoyable.”

Matt Wright echoed his brother’s sentiment.

“At the end of the day, people are paying good money to use our
software, and it needs to provide a value,” he said. “The two main val-
ues we infuse into our product are saving time and avoiding errors
and audit findings. Those are the things that people want, and that’s
what we strive to deliver every day. We get a lot of feedback from
many of our customers, particularly after audits, and we’re always
happy to learn that our customers have zero non-conformance find-
ings related to the use of the C3 Data software.”

WORKING WITH CUSTOMERS
In creating and fine-tuning its innovative products, the Wrights
pointed out that C3 Data has developed quite a symbiotic relation-
ship with its customers.

“When you look at many of the features that our customers enjoy
today, many of them have come from our customers’ requests,” Matt
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Every required pyrometry test has a solution through C3 Data’s technology.
(Courtesy: C3 Data)

Wright said. “We started with a base product that Nathan and [ —
from our experience — envisioned. And then, as the user base grew,
we kept getting, ‘It works great and all, but what about this?’ or
‘Have you ever considered that?’ We’d love to be able to brag and tell
you that we’re the brainchild of all the good ideas. Still, really, we’re
just smart enough to be able to listen to the voice of the customer
and implement good ideas that we can see are going to be valuable
across the customer base.”
Nathan Wright boils that down to excellent customer support.

“A lot of the feedback that we get when a customer comes to us
with a challenge is often related to a nonconformance,” he said. “We
‘hold their hand’ throughout that entire process — helping them
address the non-conformance. Then, moving forward, we offer 24/7,
around-the-clock support for any questions they may have and follow
up after that audit and leading up to future audits. That’s a part of
the service that comes prepackaged with our subscription services.
We offer that kind of technical support. Not only is our support team
available, but both Matt and I, as founders of the company, offer our
cellphone numbers to be available to our customers around the world
whenever they call.”

A MUCH-NEEDED TOOL

With the time gap between specification revisions growing shorter,
Nathan Wright said C3 Data’s software has become a welcome addi-
tion to a heat treater’s toolbox.

“One of our primary value propositions to our customers is that all
our customers are always on the front edge of any industry change,
he said. “As an example, every time a new spec is released, and I
mentioned the Rev G version of AMS 2750, C3 anticipates that change,
participates in what the changes are going to be, knows what they’re
going to be before they’re released, and we update our software as
those specifications are released. Whenever an update occurs (no
matter how large or small), C3 customers simply log into their C3
Data account, and all the new requirements flow down automati-
cally into their system. It minimizes the training our customers need
to invest in to ensure their compliance. It keeps going back to this
idea of helping ensure our customers are always compliant with
whatever the industry throws at them. We’re constantly evolving,
not only with the new ideas that our customers bring to us but as
the industry itself changes, so do we. We’re ahead of it; we’re antici-
pating it, and we’re making sure our customers are always there to
meet that challenge.”
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TURNING IDEAS INTO REALITY

C3 Data is still a young company, but the ideas that became the crux
of the company were born more than 20 years ago when Nathan
Wright started a pyrometry service company called Tru Cal.

“I was in search of a way to reduce error and spend less time on
paperwork and all the other necessary administrative tasks so that
we could spend more time focusing on the majority of the things
that were important to our customers, such as the collecting of data
and the analyzing of that data,” he said.

He intended to create a product like C3 Data that would eliminate
error and help save time; however, the technology needed for the
software wasn’t available yet.

“Back in those days, there were no iPhones; there were no app
stores, and there certainly wasn’t broadly available high-speed wire-
less data available,” he said.

Matt Wright said that what would eventually become C3 Data
was further developed after the brothers started a pyrometry lab
GTS (Global Thermal Solutions) in Mexico in 2013.

“We were constantly trying to find ways to make our technicians’



lives better and easier,” he said. “More than anything, we wanted
to retain them, to make GTS a company they wanted to stay with.
And so, in asking them, ‘What do you not like about your job?’ the
answer kept coming back, ‘I don’t like sitting in an office or a hotel
room after the end of a long, sweaty day writing reports.’ Isaid, ‘Well,
Shazam! We don’t like paying you to do that, so let’s see if we can
find a way to eliminate that.”

That epiphany led them back to Nathan Wright’s original idea
he had a decade earlier, but now, the iPhone and the Cloud were
real things.

“We developed this first utility to make our lives and the lives of
our technicians better,” Matt Wright said. “But as we started develop-
ing it, we realized this is something that the whole industry can use.”

MOVING INTO THE FUTURE

Being the data wranglers that they are, the Wrights’ company is

poised to be a necessary tool in an ever-evolving heat-treat industry.
“That’s where C3 Data comes in,” Nathan Wright said. “As we look

to the future, C3 continues to expand its digital integration capabili-

By.offefing a variety of necessary
specifications, C3 Data’s goal

is to make heat treaters and
pyrometry labs’ lives a little less
hectic. (Courtesy: C3.Data)

ties with thermocouple manufacturers and pyrometry labs across the
globe to provide C3 customers with seamless digital access to the ever-
growing amount of data that those entities provide to heat treaters.”

“We also see the compliance data that our customers produce
becoming better leveraged to their benefit,” he said. “C3 Data has
invested in the ability to provide predictive failure analysis. For exam-
ple, C3 will soon be able to anticipate when a thermocouple is likely to
fail before it fails, and will notify the customer of this prediction. In
this example, and there are many others, the end goal is to empower
our customers with the information they need to ensure that their
furnace conditions can never get to a place where they would other-
wise produce scrap.”

It sounds cliché to say that data will drive the future of heat treating,
but providing meaningful data in a way that is actionable for the heat
treater will be something C3 will offer, and Nathan Wright emphasized
that will drive a better future for all heat treaters across the globe. §

MORE INFO  www.C3data.com
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Innovated software solution for
complete calibration & test records
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MAXIMIZE YOUR EXPOSURE

JOIN THE THERMAL PROCESSING

COMMUNITY =

FOR ONLY

$350

PER YEAR

Connect your company to the heat treating industry with a
storefront in the Thermal Processing Community.

Storefronts paint a portrait of your company with a 500-
word description and include your logo, website link, phone
number, email addresses, and videos. With a community
storefront, your company also receives a premium listing in
the annual Buyer’s Guide published each November.

For information on how you can participate in the ThermalProcessing.
com community storefront, contact dave@thermalprocessing.com.

Dave Gomez - national sales manager

800.366.2185 ext. 207 Th erma I g\
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Q&A /// INTERVIEW WITH AN INDUSTRY INSIDER

BRIAN KELLY /// APPLICATIONS ENGINEERING MANAGER

What do you do at Honeywell?

I'm part of Honeywell Thermal Solutions. We’re a group of companies

that Honeywell has acquired over the last couple of decades that includ-
ed some larger companies in the industrial combustion arena such as

Maxon Corporation of Muncie, Indiana; Eclipse Combustion that was

based in Rockford, Illinois; Kromschroder out of Lotte, Germany; and

Hauck Manufacturing that was out of Pennsylvania. As Honeywell

Thermal Solutions, we supply safe, efficient, and sustainable thermal

solutions for industrial applications. Just about any industrial process

that needs heat, that’s where we fit.

My role at Honeywell Thermal Solutions is applications engineer-
ing manager. I tell people that my job is to keep the company out
of trouble. My group advises our sales engineers, engineering group,
as well as our customers on the application, design, and control of
thermal systems to achieve the required goals. We supply a hundred
different type burners for a lot of different applications from high to
low temperature.

There’s been an industry-wide drive to lower carbon emissions.
What is Honeywell doing to contribute to that goal?

We are doing a lot, actually, and this is in many different divisions of
Honeywell as well. From a Honeywell Thermal Solution side of it, we’re
looking at how our burners can utilize alternate fuels like hydrogen
and other alternate fuels that don’t have any or as much carbon as say
natural gas or oil to reduce CO, from the combustion process. We offer
products, burners, and systems to fire more efficiently, so they reduce
the amount of fuel use that’s not only reducing the customer’s fuel
bill, but it’s reducing the carbon going out the stacks.

From an overall organization, there are divisions of Honeywell
involved in the development of catalyst systems to drive down the
cost to produce green hydrogen as well as carbon-capture technologies
and even low carbon sustainable aviation fuels. Honeywell has a com-
mitment to be carbon neutral by 2035, as have many large companies.

How can you reduce pollutants without sacrificing quality and
performance?

There is a variety of ways to reduce emissions in thermal processes
from burner design, burner control, fuel choice, and overall system
design. Depending on the temperature of the process, there are dif
ferent burner techniques and technologies to reduce emissions like
NOx that not only reduce emissions but maintain or even enhance
performance. NOx reduction has been one of the biggest focuses of a
lot of industry for along time, and it’s getting stricter all over the world.
Some of the techniques that are used there are high temp such as stag-
ing technologies as well as flameless, where with lower temperature,
we can use premix and excess air to reduce those emissions.
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“We’re looking at how our burners can utilize alternate fuels
like hydrogen and other alternate fuels that don’t have any
or as much carbon as natural gas or oil.”

Certainly, carbon reduction or neutrality is the focus of almost
every industry today. The reduction of CO, is only done by reducing
the consumption of carbon-based fuels or carbon capture and seques-
tration. Whatever we can do to reduce that ensures we’re running
the system more efficiently. We’re using less fuel. That happens with
selfrecuperative burners or using waste heat to preheat the combus-
tion air via heat exchangers to the combustion system. You don’t take
as much energy to raise the product’s combustion up from cold air to
the process temperature. That’s less energy required, so less fuel used,
less emissions coming out on both NOx on a pounds per hour as well
asyour CO,.You can also fire the burners in different control methods
that can be more efficient, even if you're using a different fuel.

What innovations has Honeywell developed to help deal with
this challenge?
It’s looking at total emissions, where Honeywell has developed innova-
tions to help with the emissions with more advanced selfrecuperative
type burners and controls. These are smaller, multiple burners on, say,
heat-treat furnaces that preheat the combustion air in a nice package
so you don’t have to deal with hot air piping and maintenance.
Different designs are getting us lower NOx, but also during the
development, they are tested with alternate fuels — fuels that are
byproducts of different processes — as well as hydrogen, which has,
of course, gotten a lot of talk because it is carbon free. But hydrogen is
going to just take you just so far depending on availability, which will
continue to increase and cause the price to decrease. Other innovations
are control technology as well as connectivity. We’ve got devices that
can be connected and remotely tuned, but also can remotely monitor
the health of a customer’s burner system or their furnace and can alert
them to possible issues. What we see in the industry is less and less
combustion expertise/experience at the customer/end-user level, so
we see it as an opportunity to assist those customers in maximizing
their uptime and therefore profits.

How has Honeywell been able to help your customers obtain this

reduction in pollutants such as NOx?

Really it is working with them to learn their processes and applications.
Honeywell Thermal has hundreds of years of combustion knowledge
and expertise, and this is an advantage to our customers. We can take
a consultative approach to their processes. It’s our job to work with
these customers, to know their applications. This is an exciting time
in the thermal processing industry and we will continue to develop
and innovate to lead the market and deliver to our customers. &
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