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Leading the Industry with the Fastest Delivery Available
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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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= 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!
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Steam Treating = Stress Relieving = Tempering = Vacuum Processes
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FROM THE EDITOR ///

2022 was a mixed bag — to say the least

he year 2022 took some odd turns before it got ready to cross the finish line,
T but at least we can be thankful that it wasn’t a repeat of 2021, or worse, 2020.
On a positive note, with the country and the world still trying to pull itself
from the grip of inflation, it looks like the heat-treat industry is still showing every sign
of returning to normal.

But as we enter 2023 and beyond, let this not only serve as a season’s greeting, but
also as a promise that Thermal Processing will continue to explore ways to enhance our
products with the ultimate goal to getting the best and latest information about the
heat-treating industry in your hands — whether that be virtually or literally — just as we
did this year and in many years’ past.

But before we say a final goodbye to 2022, make sure you take some time to discover
this month’s issue of Thermal Processing, which contains quite a bit of information.

December’s topics are gear applications as well as metrology and inspection.

With our sister publication being Gear Solutions, it only makes sense that we tackle
how those gears need some type of heat treating before they are able to perform their
delicate, often complex, tasks.

In our cover article, Edward Rolifski and Mike Woods with Advanced Heat Treat Corp.,
share their insights on plasma nitriding, and how it can be used to prevent the formation
of brittle layers when surface hardness is increased.

On the subject of metrology and inspection, an article from Athanasios K. Zois looks at
some laboratory case studies where experiments were conducted to measure the effects
on different steel samples as they underwent various types of heat treatment.

As electric vehicles become more prevalent on the roads, making that technology more
efficient will be on everyone’s constant to-do list. In an article from Andy Richenderfer,
he investigates a new cooling technology for electric vehicles.

You’'ll find that and much more in our December issue. And keep in mind that we
are always looking for interesting and educational editorial content, so if you have a
technical paper or other heat-treatrelated articles you'd like to see published, please
contact me. I'd love to hear from you and be given the opportunity to share your unique
knowledge with our readers.

Happy holidays from all of us at Thermal Processing. Stay safe, 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.

4 DECEMBER 2022

Thermal$

processing

David C. Cooper
PUBLISHER

EDITORIAL

Kenneth Carter
EDITOR

Jennifer Jacobson
ASSOCIATE EDITOR

Joe Crowe
ASSOCIATE EDITOR | SOCIAL MEDIA

SALES

Dave Gomez
NATIONAL SALES MANAGER

Kendall DeVane
REGIONAL SALES MANAGER

CIRCULATION

Teresa Cooper
MANAGER

Jamie Willett
ASSISTANT

DESIGN

Rick Frennea
CREATIVE DIRECTOR

Michele Hall
GRAPHIC DESIGNER

CONTRIBUTING
WRITERS

ALFONSO FUENTES AZNAR
D. SCOTT MACKENZIE
ANDY RICHENDERFER

EDWARD ROLINSKI
JUSTIN SIMS
TONY TENAGLIER
MIKE WOODS
ATHANASIOS K. Z0IS

Mediall
solutions

PUBLISHED BY MEDIA SOLUTIONS, INC.
P.0.B0X1987 « PELHAM, AL 35124
(800) 366-2185 « (205) 380-1580 FAX

David C. Cooper Teresa Cooper
PRESIDENT OPERATIONS

1]
| ]
‘.‘lllr

| |
IFHTSE



mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing
mailto:editor@thermalprocessing.com?subject=Referred by Thermal Processing

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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UPDATE /// HEAT TREATING INDUSTRY NEWS
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Solar Manufacturing’s third-quarter furnace orders ranged in size from the compact Mentor® and Mentor®
Pro series to a large production furnace with a work zone of up to 72 inches in length. (Courtesy: Solar

Manufacturing Inc.)

Solar Manufacturing
posts successful
third quarter

Solar Manufacturing Inc. had a successful
third quarter this year, acquiring purchase
orders for 10 vacuum furnaces. The types of
new furnace orders ranged in size from the
compact Mentor® and Mentor® Pro series to
alarge production furnace with a work zone
of up to 72 inches in length. The furnaces
will be shipped to companies across North
America in the following market sectors:
aerospace, commercial heat treating, and
additive manufacturing.

“With the unknown business and politi-
cal climate next year, we are fortunate to be
building a healthy backlog of furnace orders
to weather any potential economic storm
that may lie ahead,” said Trevor Jones, presi-
dent of Solar Manufacturing. “Additionally,
strong quotation activity levels seem to
indicate customers are optimistic to expand

after the pandemic ramifications continue
to ease.”

Solar Manufacturing designs and manu-
factures a wide variety of vacuum heat treat-
ing, sintering, and brazing furnaces and
offers replacement hot zones, spare parts,
and professional service.

MORE INFO www.solarmfg.com

L&L ships furnace
to ceramic matrix
parts manufacturer

L&L Special Furnace Company, Inc. has
delivered a Model XLC3672 to a Midwest
manufacturer of ceramic matrix parts
(CMCs). CMCs materialize when nano fibers
of silicone carbide or other ceramic nano
threads are wound together, forming various
sheets and 3D-printed shapes deployed in
aerospace and military applications. The
resulting finished product is lighter and

stronger than titanium.

The nano threads in the CMC process are
coated with proprietary resins that need to
be completely removed from the substruc-
ture using heat. It is also important that
there is no oxygen present during the pro-
cess as this will significantly weaken the
part structure.

The Model XLC3672 has a work zone of 32
inches wide by 32 inches high by 66 inches
deep. It has a single zone of control with a
temperature gradient of #20°F at 1,100°F
using four zones of temperature control with
biasing to balance any temperature gradients.

The furnace is constructed of low-mass
insulating firebrick, which allows for quick-
er cooldown times. A venturi cooling blower
is included that also aids in cooling. The
Model XLC3672is controlled by a Eurotherm
Nanodac Mini 8 program mechanism with
overtemperature protection. There is also
a programmable flow panel to manage the
nitrogen flow throughout the process.

The parts are heated to 1,220°F in a retort
chamber that is pressurized with nitrogen.
The byproducts of the outgassing part are
directed by pressure and flow out of the rear

L)

Model XLC3672
atmosphere-controlled
burn-off furnace by L&L
Furnace. (Courtesy: L&L
Special Furnace Company)

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 Lenox Group, an aluminum extrusion profiles company, bought a Nitrex turnkey nitriding system.
(Courtesy: Nitrex)

of the furnace. The parts are then heated
in a vacuum furnace to temperatures in
excess of 2,300°F. The result is a super-strong
component that is lighter than titanium.

An independent flow panel is provided
with an oxygen analyzer that monitors the
oxygen content of the atmosphere on exit.
This data is recorded electronically on the
data acquisition station.

Options include a variety of control and
recorder configurations. A three-day, all-
inclusive startup service is provided 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

Lenox Group buys
compact Nitrex
nitriding system

The Lenox Group, an aluminum extrusion
profiles company, decided to buy a Nitrex
turnkey nitriding system after expanding
operations with the addition of a second
extrusion press to its plant in Bulgaria.
Faced with increased production and disap-
pointing nitriding results from third-party
processing services, Lenox opted to bring
operations in-house to improve die reliabil-
ity through more stringent quality control.
“Previously, the company sent extrusion
dies for salt bath nitriding and gas
nitriding, but there were quality issues
and results were inconsistent, never living
up to customer expectations,” said Marcin
Stoktosa, project manager at Nitrex. “Lenox
Group experimented with various case
hardening technologies in search of the best

one, the results of which would be repeatable
and consistent with their expectations.”

In the end, the choice fell on the N-EXT
412, a compact-size Nitrex gas nitriding fur-
nace for low volume quantities best suited
for Lenox’s production needs. The plug-and-
play N-EXT is a turnkey nitriding system
built on a self-contained platform that
includes the furnace, control system with
Nitreg® technology, and an exhaust neutral-
izer for clean and green processing. Its small
footprint allows it to fit into limited spaces
within a plant.

The new Nitrex system complies with
AMS2750 for pyrometry and AMS2759/10
for controlled nitriding standards. With a
temperature distribution of +5°C, itis suitable
for nitriding H11 and H13 extrusion dies.

With Lenox Group, the need for a fast
delivery also weighed in heavily when choos-
ing Nitrex. The system was delivered and
started up in the first quarter of 2022.

“Lenox Group could always count on our
guidance and involvement through every
stage of the project,” said. “This is the story
of a long-term relationship, and an experi-
ence rewarded with a signed contract after
talks spanning several years.”

MORE INFO www.nitrex.com

Gasbarre hires
product development
manager

Gasbarre Thermal Processing Systems has
hired Bryan Stern as product development
manager to support existing customers and
advance its growing footprint in the vacuum
furnace market.

hort-wave.

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

Our ratio pyrometers are ideally suited for

non-contact from —50 °C to +3000 °C.

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

high-temperature measurement of metals.
They are largely resistant against dust,
steam and dirty observation windows.
Engineers that answer the phone and can
quickly guide you to the best solution.
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Stern brings nearly 10 years of industry
experience to Gasbarre and is a graduate of
the Georgia Institute of Technology with a
bachelor’s degree in mechanical engineering.
Stern will be focusing on equipment
design, technical
sales support,
and technology
advancements of
Gasbarre’s products.
Stern is a 2018
MTI YES program
graduate and is a
member of ASM
International. He
is based in Eastern
Pennsylvania with his wife, Megan, and
daughter, Naomi.

“We couldn’t be more excited to have
added Bryan to an already stellar techni-
cal team at Gasbarre,” said Ben Gasbarre,
EV.P. of sales and marketing. “In the short
time I've worked with Bryan, I've already
been thoroughly impressed by his techni-

Bryan Stern

cal knowledge and how well he’s fit into the
culture of Gasbarre. I1ook forward to seeing
Bryan’s growth within our organization and
the benefits he will bring to our customers.”
With locations in Livonia, Michigan;
Cranston, Rhode Island; and St. Marys,
Pennsylvania, Gasbarre Thermal Processing
Systems has been designing, manufacturing,
and servicing a full line of industrial thermal
processing equipment for nearly 50 years.

MORE INFO www.gasbarre.com

PMEA elects
Alex Gasbarre
new president

Alex T. Gasbarre, CEO, Gasbarre Products,
Inc., DuBois, Pennsylvania, has been
elected president of the Powder Metallurgy
Equipment Association (PMEA). PMEA is one
of six trade associations under the Metal

Powder Industries Federation, a not-for-profit
association formed by the powder metallurgy
industry to advance the interests of the metal
powder producing
and consuming
industries.

His two-year
term began at the
conclusion of the
Federation’s annual
Powder Metallurgy
(PM) Management
Summit and 77th
Annual MPIF
Business Meeting in October.

Alex, a graduate of Penn State University,
has spent his entire professional career
in the PM industry. Over the years, he has
served on the MPIF Industry Development
Board, PMEA Board of Directors, and chaired
the MPIF PM Parts Compacting & Tooling
Seminar.

Alex T. Gasbarre

MORE INFO www.mpif.org

Y GRAPHALLOY® Bearin
¥ "yCan Takethe Heat

Handle High Temperatures
and Harsh Operating
Conditions with Ease.

* Survives when others fail
* Run hot, cold, wet or dry
* Corrosion resistant

* Self-lubricating

* Low maintenance

* -400°F to 1000°F (-240°C to 535°C)

* Ovens, furnaces, conveyors, mixers, dampers

GRAPHITE METALLIZING

got carbides?

o
=

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

CORPORATION
H3 Yonkers, NY USA
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Seco/Warwick
furnace headed to
Indian manufacturer

Ecocat India, a leading catalyst manufac-
turer whose mission is to purify air by sup-
plying the market with innovative catalysts
for the automotive sector, has ordered an
advanced technology vacuum gas cooling
furnace from Seco/Warwick. The furnace,
which will be delivered to Ecocat India in
the second half of 2022, is a vacuum design
adapted to complex brazing processes. The
solution is based on a single chamber, stan-
dard vacuum furnace with gas cooling.
Thanks to the dedicated modifications, the
system will carry out efficient and precise
brazing and annealing processes that are
necessary for the catalyst production process.
The process takes place in a large working
space with the ability to adjust to an over-
sized load by using the advantages of the
round heating chamber.

“The furnace for Ecocat India is quite a
large piece of equipment that will enable our
customer to process more elements than pre-
viously,” said Maciej Korecki, vice president of
the Seco/Warwick Vacuum Segment. “This in
turn will significantly increase the harden-
ing plant efficiency and, consequently, will
result in increased production capacity. The
solution uses a high vacuum system based on
avery powerful diffusion pump and a medi-
um vacuum system. This furnace, although
based on our standard solution, has been
fully adapted to the needs and requirements
of our customer.”

Good temperature control is essential
when brazing components in vacuum
furnaces. The Ecocat India furnace is
equipped with an inverter-controlled cooling
system. As a result, it has better control
over the cooling power within the furnace
chamber. The furnace is also characterized
by a complex temperature control system.
The purpose of the latter is to obtain better
heating temperature control and uniformity
while protecting the load from overheating
during the brazing process. Low heat
losses and good temperature distribution
in the heating chamber are also the great
advantages of this type of furnace.

High vacuum brazed joints are considered
to have very good quality when they are free

of oxide inclusions, dispersed gases, and
bubbles. For this reason, the vacuum brazing
technology has become competitive with
other joining methods when manufacturing
highly loaded components with complex
cross-sections. It is more widely used by

catalyst and heat exchanger manufacturers.

Catalyst manufacturers are demanding

customers who produce a product with very
complex shapes using the difficult process of
element joining (brazing). A vacuum furnace
that will work in this industry must meet a
number of criteria that will allow for a pre-
cise, repeatable, and safe brazing process. A
good vacuum furnace designed for catalyst
brazing should have a pumping system that

Seamless Tronsmons
From S’rcr’r_’ro‘Flnlsh

It's so much more satisfying when everything just flows. When every
step of the process blends from one instrument to the next, it's not just
your samples that are smoother. LECO's complete analysis solutions
streamline the process with durable and intuitive equipment for
repeatable results from start to finish.

Whether you're a high-throughput, busy laboratory or working on
specialized, unique analyses, the LECO solution will work for you.

Sample
Preparation

Microscopic
Examination

Phone: 1-800-292-6141 | info@leco.com ‘ E‘ O
www.leco.ecom | © 2022 LECO Corporation

Elemental
Analysis

Hardness
Testing

Glow Discharge
Spectrometry

EMPOWERING RESULTS
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UPDATE /// HEAT TREATING INDUSTRY NEWS

is more resistant to dirt. It should also be
equipped with a complex temperature con-
trol system that prevents load overheating,
an efficient vacuum system that ensures a
faster evacuation process, and inverter-con-
trolled cooling to accelerate the safe cooling
process. Thanks to this, the highest cooling
power turns on at the moment of gas-forced
cooling after stabilizing the brazed joint by
means of static cooling.

Ecocat India is world-renowned as one
of the leading manufacturers of catalysts
and exhaust emission control systems for
passenger cars, heavy commercial vehicles,
offroad equipment, and stationary engines.
These manufactured products allow end
users to meet the EuroIV,V, and VI emission
standards. The company provides complete
catalysts for various applications, including
gasoline, diesel, CNG, LPG, biofuel, SCR and
urea mixers, VOC catalyst, particle oxidation
catalyst, and DPF filter.

“Our superior mission is to purify the
environment by providing innovative tech-

Ecocat India, a leading catalyst manufacturer
whose mission is to purify air by supplying

the market with innovative catalysts for the
automotive sector, has ordered an advanced
technology vacuum gas cooling furnace from Seco/
Warwick. (Courtesy: Seco/Warwick)

nological solutions to reduce pollutant emis-
sions from automotive systems,” said Alok
Trigunayat, executive director of Ecocat
India. “Ecocat India represents advanced
technology, high quality, and compliance
with environmental policy. The new vacuum
furnace, which is our third Seco/Warwick
solution, will significantly increase our pro-
duction capacity. Vacuum brazing is a key
process for us, and thanks to the purchased

furnace, it will be precise and efficient. Seco/
Warwick is the first-choice company when
it comes to supplying equipment for metal
heat treatment.”

MORE INFO www.secowarwick.com

Delta H, Phillips
Federal deliver
system to Tinker AFB

Delta H recently delivered the first heat-
treating system certified to AMS2750G for
heat treating aviation grade aluminum for
military aircraft. The new system at Tinker
AFB, Oklahoma, is the second installation at
the massive depot facility and placed side by
side with the previous Delta H dual cham-
ber aerospace heat treat (DCAHT®) system
installed in 2015. Third-party services for cal-
ibration and qualification were performed
by Andrew Bassett of Aerospace Testing and

Furnace Compliance Reimagined

ANNOUNCING OUR LATEST INTEGRATION!

Visit us at
www.C3Data.com
to learn more
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Pyrometry and completed within one day
on site. The certifications for instrumenta-
tion, Temperature Uniformity Surveys and
System Accuracy Testing were completed
through ATP’s new Aerospace Compliance
Software (ASC) to AMS2750G.

The newly installed DCAHT features a
certified TUS volume of 24 inches wide, 16
inches high, and 72 inches long, with an
upper chamber convection oven operable
to 500°F and a lower chamber convection
furnace operable of 1,200°F. In addition to
aluminum, the system can be used for PH
stainless steel aging, as well as titanium and
ferrous alloy processes. Both chambers quali-
fied as Class 1, and were certified as Class
2 for aluminum applications. Honeywell
controls and recorders are featured and
include remote computer control, data entry,
process monitoring and produce irrefutable
batch records with quench delay.

Extensive training was involved not only
to several operators, but also QC personnel
and two individuals qualified to train other

Heat Treat
EQUIPMENT

Twin Delta H dual chamber aerospace heat treating systems at Tinker AFB, Oklahoma. (Courtesy: Delta H)

operators. Additional training was provided
to USAF personnel responsible for maintain-
ing pyrometry records to assure continued
compliance to AMS2750G.

Delta H manufactures heat-treating
equipment designed exclusively for serving
the standards of the aerospace and defense
industry with guaranteed compliance to
the strict and demanding requirements of

AMS2750G and Nadcap accreditation.

Delta H is exclusively represented world-
wide by Phillips Federal Division for all mili-
tary and government sales. Phillips Federal
Division is the leading service provider and
manufacturing partner to the United States
Government. §

MORE INFO www.delta-h.com

Ready to Deliver.
Ready for Production.

AFC 1Q Furnace with Top Cool v-urn

Fuel  Natural 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 36" wide x 48" deep x 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
EQUIPMENT

Extablnhed by fofn L. Becker

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

SS1 controls

42056 Michigan Avenue » Canton, Ml 48188
Phone: 734-331-3939 « Fax: 734-331-3915 » heattreatequip.com
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INTERNATIONAL
FEDERATION OF
HEAT TREATMENT
AND SURFACE

ENGINEERING

Conference on Heat Treatment 2022
in Salzburg was very successful, with
more than 100 papers in 16 sessions, with
five keynote speakers. There were approxi-
mately 20 commercial booths. More than
250 people attended from all over the world.

T he 27th IFHTSE Congress and European

5TH INTERNATIONAL
CONFERENCE ON HEAT
TREATMENT AND SURFACE
ENGINEERING OF TOOLS AND DIES
(HTSE-TD)

Hangzhou, China | April 24-27, 2023
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This conference in Hangzhou, China, will
finally resume the HTSE-TD series. The last
meeting was in January 2021 and held online.
The call for papers is posted at: htse-td.all-
confs.org/meeting/index_en.asp?id=6861

Abstracts should be sent to Lihui LIU,
chta@chta.org.cn.

Abstracts were due October 31, 2022, with
full papers due January 31, 2023.

AHEEAEUBRTRIAN SauE
e T AL

ECHT23
Genova, Italy | May 29-31,2023

AIM is pleased to announce the ECHT 2023 Conference in Genova,
Italy, at Magazzini del Cotone, May 29-31, 2023.

ECHT 2023 will cover all relevant topics for the Heat Treatment &
Surface Engineering community. The Conference will have a special
focus on sustainability.

Sustainability, with its three pillars — environmental, economic,
and social dimensions —is playing a key role in addressing ongoing
and future challenges. The metallurgical and mechanical indus-
tries are leading the way in creating a healthy development model
for the environment and for future generations. Presentations
and papers from industry, university. and research centers on the
topic will encourage the discussion and increase awareness on
the matter.

Prospective authors wishing to present papers are invited to
submit a tentative title and an abstract of about 300-400 words (in
English), specifying a maximum of two topics for each proposal, by
December 16, 2022.

More information: www.aimnet.it/echt2023.htm
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Reinhold Schneider (past president of IFHTSE), chairman for the event, opens the conference. The current
president, Prof. Masahiro Okumiya, and current past president, Eva Troell, are in attendance.

THE AUSTRIAN SOCIETY FOR
METALLURGY AND MATERIALS

Zoltan Kolozsvary, left, receives his award for honorary IFHTSE president.
Award presented by D. Scott MacKenzie.

28TH IFHTSE CONGRESS
Yokohama, Japan | November 13-16, 2023

The 28th IFHTSE Congress, to be held in Yokohama Japan, is spon-
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Prof. John Speer, center, Colorado School of Mines, receives the IFHTSE Medal.
The award is sponsored by SC Plasmatherm SA, Romania. Reinhold Schneider,

left, conference chair, Univ. of Appl. Sciences Upper Austria, and Eva Troell,
right, RISE/ivf, Sweden.

sored by the Japanese Heat Treating Society.
Important dates:
» Deadline of abstract submission: April 28, 2023.
» Notification of acceptance: May 31, 2023.
»Preliminary program release: June 30, 2023.
»Deadline of extended abstract: July 14, 2023.
»Deadline of early registration: July 31, 2023.
» Deadline of full paper submission: September 22, 2023.
More information: jsht.or;jp/ifhtse2023/index.html

FOR THE FIRST TIME: TWO TOM BELL YOUNG

AUTHOR AWARDS

IFHTSE gives this award for the best paper presented at an IFHTSE
Congress by a speaker younger than 35. It consists in free participa-
tion at the following Congress, including travel and accommoda-
tion. This time, two candidates were equally ranked, and the jury
decided to give the award, for the first time, to both of these top
candidates.

Simona Kresser of the Upper Austria University of Applied Sciences
in Wels, Austria, studied “The Effect of Cooling Rate on Quenching
& Partitioning (Q&P) in Martensitic Stainless Steels.”

Pedro José de Castro of IWT, Bremen, Germany, presented a paper

IFHTSE LEADERSHIP

EXECUTIVE COMMITTEE

Prof. Masahiro Okumiya | President
Toyota Technological Institute |1 Japan

Eva Troell | Past President
RISE IVF Research Institutes of Sweden | Sweden

At the symposium dedicated to the late researcher Séren Segerberg (IFHTSE
Bulletin 2021-05), a commemorative plaque was given to his son Peter (right)
by Eva Troell and Scott MacKenzie. The award was sponsored by Quaker
Houghton.

IFHTSE President Masahiro Okumiya, right, and IFHTSE Vice President
Massimo Pellizzari, left, congratulate the Tom Bell Young Author Awardees.

on an “Energy efficient manufacturing chain for advanced bainitic
steels based on thermo-mechanical processing.”

OTHER MEMBERS

Prof. Rafael Colas | Universidad Auténoma de Nueva Leon | Mexico

Prof. Jianfeng Gu | Shanghai Jiao Tong University | China
Dr. Patrick Jacquot | Bodycote Belgium, France, Italy | France

Prof. Larisa Petrova | MADI University | Russia

Prof. Massimo Pellizzari | Vice President
Dept. of Industrial Engineering, University of Trento | Italy

Prof. Reinhold Schneider | Univ. of Appl. Sciences Upper Austria | Austria

Prof. Marcel Somers | Technical University of Denmark | Denmark

Dr. Stefan Hock | Secretary General
IFHTSE | Italy

Dr. Imre Felde | Treasurer
Obuda University | Hungary

Prof. Kewei Xu | Xi’an University | China

ONLINE www.ifhtse.org | EMAIL info@ifhtse.org
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IHEA will hold its 2023 Annual Meeting March 13-15 at One Ocean Resort & Spa in Atlantic Beach, Florida.

Annual Meeting March 13-15 at the beautiful One Ocean Resort
& Spain Atlantic Beach, Florida. [HEA members look forward to
the camaraderie created by the social events and the thought-provok-
ing topics presented. The annual meeting provides plenty of oppor-
tunity to get involved with important industry-related developments
while exploring new business contacts and growing relationships.
The IHEA welcome reception will kick off the event for old friends
and new to meet, greet, and share stories. The meeting program will
include popular economist Chris Kuehl, who will deliver his projec-
tions of the nation’s economy; hot topics that include decarboniza-
tion and sustainability will be highlights of the program as well as
IHEA committee meetings to discuss association business. Together
with the annual president’s gala and the IHEA golf tournament,
this event is the perfect mix of business and pleasure. The Annual
Meeting is a great way to keep current with industry developments
and catch up with peers. A previous annual meeting attendee said,
“The IHEA Annual Meeting is always thoughtfully structured. We
learned a lot, made some new friends and business connections, and

T he Industrial Heating Equipment Association will hold its 2023
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had fun doing it!”

Atlantic Beach is just east of Jacksonville, Florida. The beach-
front location is perfect for morning walks and beautiful sunsets.
The quaint town has several restaurants and shops within walking
distance.

Meeting details and registration information will be available
soon at www.ihea.org. Start making plans for IHEA’s 2023 Annual
Meeting. We hope to see you in March.

IHEA MEMBERSHIP HAS ITS PRIVILEGES
Don’tlet another year pass without becoming an IHEA member. Join
now and get a multitude of benefits right from the start. The annual
meeting is just one event. IHEA offers additional benefits that mem-
bers enjoy all year long.
See what current members appreciate most about IHEA:
“Gasbarre Thermal Processing Systems is a long time IHEA mem-
ber that finds benefits in several ways. Along with the economic
reports and industry specific training, we also gain value by collabo-
rating with industry peers to address current and future changes


http://www.ihea.org

in equipment safety and technology.” — Ben Gasbarre, Gasbarre
Thermal Processing Systems

“It’s not just about business but also about people, and IHEA pro-
vides the platform to meet friends and colleagues.” — Dr. Joachim
Wuenning, WS Thermal Process Technology Inc.

IHEA focuses on driving its members’ success by providing the
knowledge base and authoritative voice for industrial heat process-
ing. Become a member of IHEA and take advantage of these great
benefits and resources:

»Monthly Executive Economic Update.

»Meeting vouchers (contingent on member category).

» Discounts to attend all IHEA Educational Seminars.

»Discounts on IHEA Online Training Courses.

»Discounts to attend IHEA’s Annual Meeting.

» Ability to participate on IHEA committees.

» Subscription to IHEA’s INSIDER newsletter.

» Company listing on IHEA’s website.

» Ability to post resumes and job openings online in the Career
Center.

»Discount on IHEA publications.

JOIN NOW at www.ihea.org.

IHEA CALENDAR OF EVENTS

MARCH 13-15, 2023
IHEA 2023 Annual Meeting
One Ocean Resort & Spa | Atlantic Beach, Florida

The Industrial Heating Equipment Association’s Annual Meeting is your
way to keep current with industry developments and network with
peers in the industry.

MARCH 21-22, 2023
Powder Coating & Curing Processes Seminar
Alabama Power Technology Applications Center | Calera, Alabama

The day and a half Introduction to Powder Coating & Curing Processes
Seminar will include classroom instruction and hands-on lab
demonstrations.

Registration fee: IHEA Members: $325 / Non-Members: $425

JUNE 12-16, 2023
Therm Process 2023
Dusseldorf, Germany

The world'’s leading trade fair for industrial thermal processing
technology.

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

INDUSTRIAL HEATING EQUIPMENT ASSOCIATION

P.O. Box 679 | Independence, KY 41051
859-356-1575 | www.ihea.org
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METAL URGENCY ///

MECHANICAL ENGINEER /// DANTE SOLUTIONS

Tools now available to simulate complex gear
measurements after heat-treatment simulation.

JUSTIN SIMS

Gear inspection methods from heat-treat simulation

ear design is a complex process, involving dozens of
H parameters, tolerances, and relationships to mating

components. Generally, professional standards guide the
gear designer to the appropriate gear dimensions, given mating and
loading requirements. [1-2] After heat-treatment, gears are inspected
using a slew of methods, depending on the particular gear geometry
and critical locations of interest. [3-5] Heat treatment simulation
provides a cheaper and faster alternative to physical testing but is
lacking capabilities to relate the predicted distortion back to gear
measurements made on the shop floor or in the metallurgical lab.In
general, diameter distortion predictions are easily understood and
correlated back to actual measurements, but simulated predictions
on parameters such as tooth thickness, tooth profile, and runout
can be more daunting to evaluate and are often ignored in published
analyses. [6-8]

Since simulation predicts displacements at points relative to the
original position of the gear, while physical measurements are rela-
tive to a distorted gear surface, confusion can arise as to whether
or not the simulation matches reality. To bridge this gap, and help
alleviate the confusion, two software programs are used in the
following case study to provide common gear measurements on a
simulated, heat-treated gear. Integrated Gear Design (IGD), developed
at the Rochester Institute of Technology, is used to design the gear
geometry and post-process the heat-treatment simulation results.
DANTE, developed by DANTE Solutions, is used to simulate the heat
treatment of steel components.

IGD is a computer program used for the design and simulation of
gear drives. The software provides various tools for analysis and simu-
lation, including, but not limited to, tooth contact analysis (TCA),
finite element modeling of gear drives (FEM), and gear geometry
comparison. An important feature of IGD is the automatic generation
of finite element models for Abaqus or Ansys, allowing finite element
analyses of complex gear drives without the tedious process of build-
ing the finite element model or being an expert on the particular
finite-element software being used.

IGD takes advantage of geometric parameters commonly used in
industry to construct the virtual gear geometry, including tip and
root diameters, form diameters, circular tooth thickness, ball/pin
diameter, and distance over balls/pins. Table 1 shows the parameters
used to construct the two gear geometries for the simulation case
described here —heat-treatment configuration (green shape) and the
in-service configuration; Figure 1 shows IGD’s definition window
with the settings for the pre-heat treatment geometry.

After constructing the geometry, IGD can define cyclic symmetry
(if applicable) and reduce the full gear to a single tooth, mesh the
gear/[tooth, and define the nodes and surfaces required for post-
processing. Figure 2 shows the meshed gear and post-processing
surface definitions generated in IGD, which is ready for heat-
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Parameter Heat-treatment Finished
geometry geometry

Number of teeth 59

Module 1.25mm

Pressure angle 25°

Face width 9.6 mm

Tip diameter 76.40 mm 76.20mm

Root diameter 71.025 mm 70.60mm

Edge radius of hob 0.12 mm 0.312mm

Pin diameter 2.3 mm .

Distance over pins 77.885 77.010 mm

Table 1: Gear geometry parameters for the heat-treatment and finished
geometries.
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Figure 1: Definition of the heat-treatment geometry of the gear.

treatment simulation using DANTE.

The gear described above is an actual component, with a heat-
treatment process consisting of austenization, carburization,
transfer from the furnace to the quench tank, quenching in oil,
deep freezing, and tempering. Figure 3 compares the measured and
simulated hardness profiles at the flank and root, revealing good
agreement between experiments and simulation.

After the heat-treatment simulation is executed using DANTE
and Abaqus, the position of the distorted nodes can be read in and
reconstructed by IGD. Once the distorted geometry is reconstruct-
ed in IGD, it can be used for geometry comparison with the undis-
torted geometries, used for tooth contact analysis (reveal effects of
heat-treat distortion on the contact pattern), or used for additional
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Top land surface
(Exposed surface S6)

Back
(Exposed surface S8)

Left fillet
(Exposed surface S2)

Leftrim __

Figure 2: Meshed gear and post-processing

surface definitions generated in 1GD. Bottom rim

(Exposed surface S5)
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Figure 3: Comparison of measured and simulated hardness profile at two
locations.

finite element analysis in Abaqus or Ansys (reveal heat-treat distor-
tion and residual stress effect on contact and bending stresses and
deflections). The additional analyses performed in IGD are carried
out using the distorted geometry and residual stress predicted by
DANTE. Unfortunately, detailed experimental distortion measure-
ments were unavailable at the time of publication.

Left active surface
(Exposed surface S1)

Right active surface
(Exposed surface S3)

Front
(Exposed surface S7)

Right fillet
(Exposed surface S4) |

Right rim

Comparing geometries is an important feature of IGD and can
be directly applied to compute the deviations of the heat-treated
geometry with respect to the green or finished geometries. Figure 4
compares the simulation results when (A) the global cartesian coor-
dinates are used to evaluate the displacement along the Y-axis in
Abaqus (radial direction of tooth), (B) cylindrical coordinates based
on the flank geometry are used to evaluate the displacement nor-
mal to the flank, and (C) IGD is used. It should be noted that the
cylindrical coordinates based on the flank and the IGD analysis are
identical, with a maximum displacement of 27 ym and a minimum
of 17 ym. However, these values are based on the heat-treat geometric
configuration (green shape) and provide no information as to how
much material removal is required, or from where, to bring the gear
within the final dimensions specified on the print.

However, IGD is well suited for this type of analysis. Figure 5
shows the heat-treated distortion compared to the finished gear
geometry in IGD. It can be seen that uniformly machining or grind-
ing the gear to the final dimensions will not work, with more mate-
rial needing to be removed near the tip, 222 - 229 pm, than the root,
217 - 221 pm, and not uniformly from those locations. Due to the
relatively uniform carbon depth, the nonuniform material removal
will resultin a nonuniform hardness and residual stress distribution
that may influence the gear’s in-service performance, which can
then be evaluated through additional analyses.

IGD also provides several features to quickly analyze tooth pro-
files, which is crucial to ensure that mating gears will perform as

thermalprocessing.com 17
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Figure 4: Predicted distortion when (A) global cartesian coordinates used
in Abaqus, (B) cylindrical coordinates based on the flank geometry used in
Abaqus, and (C) IGD is used.
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Figure 5: Predicted distortion relative to the final gear geometry in IGD.

intended. Figure 6 evaluates the entire flank profile on one side of
the tooth, while Figure 7 evaluates the flank profile of both sides
through a transverse cut. Additional post-processing capabilities,
including the distance over pins for the distorted geometry, are being
developed at this time.

In summary, heat-treatment simulation has made tremendous
strides in function and accuracy over the last decade but is still lack-
ing convenient methods to relate predicted gear distortion to mea-
sured gear distortion. The utilization of IGD and DANTE brings this
much needed capability to industry. §
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Figure 6: Distortion on left active surface of the gear tooth (values given in
microns).
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Figure 7: Profile deviations on the left and right sides of the active surfaces.

[8] Z. (Charlie) Li, B. Lynn Ferguson, and A. Freborg, “Modeling Application to
Reduce Distortion of a Carburized and Quenched Steel Gear,” Proceedings
from the 6th International Quenching and Control of Distortion Conference,
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LOOKING FOR WAYS TO TURN YOUR
QUALITY PROGRAM UP A NOTCH?

e Y VP : -~ | [ youwould 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
System

1 Place TempTABs in your
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2 Measure their dimension = - — i e
once they exit. s — TempTAe W Teg!

3 Translate the dimension into
a TempTAB temperature.

4 Compare data from run
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TempTAB Trakker software.

CONFIRM YOUR PROCESS IS UNDER CONTROL!
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“Validating thermal processing for more than 100 years”
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http://www.temptab.com

HOT SEAT ///
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Understanding the importance of determining the

Quench Factor and the methaod for calculating it correctly.

Quench Factor analysis used to predict
properties of quenched and aged aluminum

n this column, we will start to discuss the application of
Quench Factor Analysis (QFA) to predicting properties of
quenched and aged aluminum.

QUENCH FACTOR DEFINITION

Quantifying quenching, and the cooling effect of quenchants, has
been extensively studied [1] [2] [3] [4]. The first systematic attempt
to correlate properties to the quench rate was performed by Fink
and Wiley [5] for thin (0.064”) sheet. A TimeTemperatureTensile
Property curve was created and was probably the first instance
of a TTP diagram for aluminum. It was determined that the criti-
cal temperature range for 758 is 400°C to 290°C. This critical tem-
perature range was later confirmed [6]. At quench rates exceeding
450°C/sec., the maximum strength and corrosion resistance were
obtained. At intermediate quench rates of 450°C to 100°C/sec., the
strength was lowered (using the same age treatment), but the cor-
rosion resistance was unaffected. Between 100°C/sec and 20°C/sec,
the strength decreased rapidly, and the

dt
T=|—
Ce
t is the time, and C, is the critical time. The collection of C; points,
also known as the C-Curve or Time -Temperature-Property curve, is
like the TTT curve for continuous cooling.
In general, the C, function is described by [8]:

Kok K
Cc = KK, [ExP (RT{;4jT]“) exp (E:‘)]
where C, is the critical time required to precipitate a constant
amount of solute, K; is a constant that equals the natural logarithm
of the fraction that was not transformed during quenching, and
K; =1In(0.995). K; is chosen that for T > 1, a decrease in properties is
observed. K, is a constant related to the reciprocal of the number of
nucleation sites, and K; is a constant related to the energy required

(3)

corrosion resistance was at a minimum. At Alloy K; (sec) K3 (cal/mol) Kq (°K) Ks (cal/mol) Reference
quench rates below 20°C/sec, the strength ~ 7050-T76 2.2x10-19 5190 850 1.8x105 [71
decreased rapidly, but the corrosion resis-  7075-T6 4.1x10-13 1050 780 1.4x105 [71
tance improved. - 2024-T851 1.72x10-1 45 750 3.2x104 [9]
One method that quantifies the quench
. . . s 7075-T73 1.37x10-13 1069 737 1.37x105 [10]
path and material kinetic properties is
2219-187 0.28x10-7 200 900 2.5x104 [11]

called the “Quench Factor” and was origi-

nally described by Evancho and Staley [7].
This method is based on the integration of
the area between the Time-Temperature-
Property Curve and the quench path.

Historically, the average quench rate has been used to predict
properties and microstructure after quenching [1] [2] [3]. However,
average quench rates are not sufficient to provide accurate property
data and serve as a predictive tool [7]. Quench Factor Analysis was
developed to quantitatively predict properties. This quench factor
depends on the rate of precipitation during quenching. The rate of
precipitation during quenching is based on two competing factors:
supersaturation and diffusion. As temperature is decreased during
quenching, the amount of supersaturation increases, providing
increased driving force for precipitation. In addition, at the begin-
ning of quenching, the temperature is high, increasing the rate of
diffusion. The Avrami precipitation kinetics for continuous cooling
can be described by [7]:

{=1—exp(kr)"
Where C is the fraction transformed, k is a constant, and T is

defined as the quench factor, or:
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Note: Data for 2024-T851 was evaluated using R=1.987. All others were evaluated with R=8.3143

Table 1: Published coefficients for determining the T-T-P Curve for specific alloys and tempers.

Time-Temperature-Property
Curve

Temperature

At

Log Time
Figure 1: Schematic of the process used for determining the Quench Factor.



Quench path Quench Measured Yield
Factor Strength (KSI)

Cold water, strongly agitated 0.464 73.4

Denatured alcohol to 290°C,

then cold water 8.539 69.1

Boiling water to 315°C, then cold water  15.327 66.4

Still air to 370°C, then cold water 21.334 67.9

Table 2: Quench Factors and Measured Yield Strength for 1.6-mm thick 7075-T6
sheet [13].

to form a nucleus. K, is a constant related to the solvus temperature,
K5 is a constant related to the activation energy for diffusion, Ris the
universal gas constant, and T is the temperature in °K.

To determine the parameters K, K,, K3, K, and Ks, it is first nec-
essary to have the C-Curve. C-Curve data is scarce, and of limited
availability. Table 1 shows some previously published data.

To obtain the overall quench factor, Q, the incremental quench
factor values are summed progressively as the probe or part is cooled
through the precipitation range, normally about 800-300°F (425 -
150°C) [8]. Mathematically, this is shown by:

L Y Aty
G G G Co

where C;...C,, are the critical times of the C-Curve, and At;... At,, are
the incremental times described by the quench path. But, to do this
integration, the C-curve must be known. This is shown schemati-
cally in Figure 1.

Typically, it is necessary to measure the quench path of several
sheets of material, and then measure the properties after processing.
The quench factor is determined for each quench path and associ-
ated with the measured properties. Typically, hardness and tensile

properties have been used [12]. Properties are then related to the
quench factor by the equation:

P = Pmgeexp(KT)

where p is the property of interest, p,,,, is the maximum property
attainable with infinite quench rate, and K; is -0.005013 (natural
log 0f 0.995).

There are two difficulties with this method. First, it is necessary
to know the specific quench path that the part experienced. This is
often difficult to measure and requires specialized equipment to
achieve repeatable results [12]. Secondly, it is also necessary that the
C-Curve is known with sufficient precision. As indicated previously,
this data is often not available for the specific conditions of interest.
The lack of having detailed information regarding the C-Curve has
limited the applicability of the use of the quench factor. Examples
of measured Quench Factors are shown in Table 2.

CONCLUSION
In this column, we have defined the Quench Factor, and indicated
needed data to properly calculate the Quench Factor. In the next
column, methods of determining the C; curve of an aluminum alloy
will be shown, as well as the Quench Factor will be shown.
Should you have any questions regarding this, or any other col-
umn, please contact the writer or editor. §
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A successful audit begins with thorough preparation that includes
getting everyone ready so they are focused on performing well.

Be attached to process, not results of Nadcap audit

list with 10 job audits. The strict requirements of AC7102/8

pyrometry adhering to AMS2750. The additional general
AC7000 and supplier AC7102/S checklists. One would think that hav-
ing the questions stated in these checklists would be like having the
exam prior to taking it — the exam should be a breeze!

But as the saying goes in the aerospace industry, “Say what you
do, do what you say.” It is still a big responsibility to prepare for a
successful audit, even with advance knowl-
edge of the checklists. And it all starts
with the preparation. More importantly, it
starts with empowering the operators on
the floor to be ready for the auditor and
the types of questions they might ask so
they are focused on performing well, not
worried about how the results of the audit
will turn out. We must be attached to the
preparation of the audit and effort put in,
not on the results of the audit and tallying
how many findings you have.

. he dreaded Nadcap audit. The daunting AC7102 main check-

AUDIT PREPARATION

Nadcap preparation always begins as soon
as the last audit is over. Regardless whether
you are on the merit program or still on the
annual frequency, the preparation is criti-
cal to a successful audit. Aerospace require-
ments are now requiring in their respective
QMS (quality management system) docu-
mentation that the Nadcap audit checklists
be used for internal audits by a person not specialized in heat treat.
This additional perspective can help bring clarity and opportunity
to specific requirements.

Because of the daunting number of pages in each checklist, it
can be all too easy to hurry through the responses. Remember even
if it’s NJ/A, the requirement now is to indicate why. This, although
irritating, is a second layer of questioning to ensure that the question
indeed does not apply.

One approach I have taken with the heat-treat team at Hitchiner
Manufacturing Co., Inc. is to empower the heat-treat operators with
both a metallurgical understanding of why parts get solution and
aged or stress relieved, coupled with the stringent requirements
of furnace pyrometry requirements. One of the techniques we use
prior to the audit is sitting together in the classroom as a team with
each qualified operator going to the white board and teaching cer-
tain aspects of pyrometry to the rest of us. This accomplishes two
things. One, it allows the employee to put in their own words — on
the spot — of their understanding of sensors, calibration, SATs, and
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TUS. Second, it allows the rest of the team to ask questions to make
sure all requirements are covered. We also discuss AC7102 checklist
requirements such as vacuum calibrations and even process control
testing. The discussions are also opportune times for new ideas and
suggestions to improve the process.

Knowing the “why” goes much further than simply stating “you
turn the furnace on, pull the recipe, and take it out when the cookie
timer goes off.” Teaching the metallurgical phenomena of micro-

Audits are like the big championship sports
games. Sports teams practice to be world
champions and ranked first in their division.
So, too, companies prepare for the Nadcap to
be the best they can be. However, there is only
so much preparation one can do so it must be
done in a way to maximize efficiency.

structure evolution to operators so they can then explain the con-
cepts easily even to their kids provides clarity when troubleshooting
misruns. When there is a power outage, the operator can visualize
what internally happened to the microstructure and, along with
following the requirements by the customer, help make the correct
decision for what is best for the parts.



EXPECTATION FOR THE AUDIT
Audits are like the big championship sports games. Sports teams
practice to be world champions and ranked first in their division.
So, too, companies prepare for the Nadcap to be the best they can be.
However, there is only so much preparation one can do so it must be
done in a way to maximize efficiency.

Of course, the desire is to do well in the audit. But this desire needs
to be channeled all during the preparation so that during the audit
the process is on autopilot. Basketball players are not trying to figure
out the technique of a free throw in the middle of a game — and
operators should not be fumbling on how to explain the comparison
method SAT when applicable.

DURING THE AUDIT

During the audit, it is important to show up early. Earlier than
you usually come to work. It allows for a little more time to
settle and sort some of the daily tasks out before your day is con-
sumed with the auditor. When you are one of the key members in
the audit, you are expected to devote your time to the auditor. So,
careful planning weeks prior must be made to ensure you are not
pulled away.

One thing that helps in preparation is to notify key support
groups such as maintenance and IT of the audit and the types of
questions they might be asked (e.g. maintenance to demonstrate the
PM program and how quality signs off on pyrometry requirements
for maintenance activity and IT for software control and even NIST
traceability for clocks if it was programmed).

It is not hard to understand why most people are afraid of audits.
It’s a time when supposed “weakness” or “error” is exposed. It’s a
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time when the whole year has been going just fine, but now someone
is coming in much like a police officer who catches you speeding
(or you were supposed to be maintaining the normal periodic TUS
schedule but decided to go extended periodic before the successful
passes were completed).

However, findings are part of the audit. That is why we get audited.
That is why coaches review errors with their athletes during games
and practice — to improve. You want to find what is missing in your
process. How can anyone learn and improve if they don’t learn from
their mistakes?

Being humble and open to getting a finding is what is needed,
and often most difficult as there is pride in one’s work. Findings are
NOT ways to find out how to fire employees. It’s about finding the
opportunities to improve.

AFTER THE AUDIT

When there are findings in the Nadcap audit, there is a strict 21-day
requirement at the time for the initial response for the corrective
action. Depending on whether the staff engineer approves of the cor-
rective action, the corrective actions can go additional rounds with
7-day extensions to resolve the issue. As soon as the audit wraps up
and the task group votes on the pass or fail of the overall audit, it is
back to business as normal. Preparation. $
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PLASMA
NITRIDING AS A
LOW-NITRIDING
POTENTIAL
PROCESS



How to prevent formation of brittle layers when

increasing surface hardness.

By EDWARD ROLINSKI and MIKEL WOODS

lasma/ion nitriding is a process that can be easily applied

to various high-alloy steels. Some of these steels — for

example M-2, S-7, D-2, 43z40 steels — nitride very well.

However, applications for making various tools require
the layer is hard but does not endanger their fracture-toughness
properties and, therefore, must not be brittle. Although gas nitriding
in this situation might also be used, control of this process would
have to be at an extreme low level of the nitriding potential, which
is very difficult in practice. A much easier solution is to use plasma/
ion nitriding, which is, by its very nature, a low-nitriding potential
process [1-7]. Plasma allows for easy control of the layer structure,
which must have a very limited thickness or must be without com-
pound zone (CZ-white layer) of nitrides.

Also, parts that require optimal bending fatigue properties, such
as high-performance crankshafts, might gain significant improve-
ment of their performance and longevity when a layer with a very
thin CZ is formed.

In addition to the above-mentioned benefits, another benefit of
using plasma nitriding is the ability to easily mask off specific sur-
faces from the treatment such as threads, which must stay soft.

PLASMA NITRIDING FUNDAMENTALS AND BENEFITS
The plasma nitriding process uses electrical-glow discharge in a
mixture of nitrogen and hydrogen with an occasional addition of
hydrocarbons if nitrocarburizing is needed. The glow discharge
surrounds the treated parts and uniform treatment is performed
as in Figure 1.

The cathode is bombarded by high-energy ions of nitrogen, hydro-
gen, and their radicals leading to chemisorption of nitrogen at the
surface and its diffusion into the metal and formation of the nitrided
layer [1]. The process can be controlled/monitored by conventional
means: temperature, gas composition, pressure, duty cycle, etc., as
well as visual observations of the near cathode regions to see unifor-
mity of the glow discharge. See Figure 2.

Near Cathode Regions

rookes Dark Space

Negative Glow

Figure 2: Near-cathode regions of the glow discharge observed through the port
window during plasma nitriding. Adopted from E. Rolinski [1].

Figure 1: Plasma nitriding of stainless-steel rings. Image taken at Advanced
Heat Treat Corp. Monroe, Michigan.

The phenomena at the cathodic surface are quite complex as can
be presented in visual form/model shown in Figure 3.

The presence of sputtering at the cathode[load surface as well as
low partial pressure of nitrogen result in a formation of a very thin
compound zone of iron nitrides, allowing us to define the plasma/ion

@ @ O & 6

Dr.?sfy Plasma
o ﬂ Fe

TN e

Figure 3: Interaction of the near-cathode plasma with its surface. Some of the
iron atoms, Fe as well as oxides, are removed from the surface by sputtering.
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Figure 4: Kinetic of the compound zone growth in plasma nitrided 3%Cr-Mo-V
steel in a mixture of 30% nitrogen+70% hydrogen and 4140 gas nitrided steel
with two different nitriding potential, Kn values. All Processes carried out at
1,000°F.

TMS B0 Steel Crankshaft

A4340 Sample Surface Hardness Reading

ith 1 pm Compund Zone

Case I:lﬁ-rllh. mem

Figure 5: Effect of ion nitriding on bending fatigue of 3%Cr-Mo steel, based on
T. Bell [5].
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Figure 6: Microhardness profile in 4340-type crankshaft steel-nitrided layer
and surface hardness readings.
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Figure 7: Microhardness profiles of plasma-nitrided M-50 spline rolling racks
and their surface hardness.
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Figure 8: Rolling rack after plasma nitriding with a low nitrogen percentage a)
and photomicrograph of the nitrided layer b). Etched with 3% Nital. (Images
taken at Advanced Heat Treat Corp. Monroe, Michigan.)

nitriding as a low-nitriding potential process [1]. Figure 4 illustrates
practical findings of the compound zone formation in two different
steels when using this process.

As can be seen from the diagram, a typical gas mixture of 30%
nitrogen+70% hydrogen is used and is easily controlled in the plasma-
nitriding process. The process has produced a compound zone of less
than 13 pm thick. At the same time, gas nitriding of similar steel
carried out at very low KN values, 0.5 and 1.42 atm-1/2, produced
much thicker compound zones.

Asignificant total case depth is needed in applications when a high
bending fatigue strength is required. This can be seen in Figure 5.

Typical hardness profiles of plasma-nitrided parts requiring a
good bending fatigue property are shown in Figures 6 and 7.

It should be noted that some of the nitrided tools, such as roll-
ing racks made of M-2 steel, must not have a compound zone at all.

Figure 9: Plasma nitriding of rotors made of PM 316 SS. Image taken at
Advanced Heat Treat Corp. Monroe, Michigan.
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Figure 10: Linear wear of nitrided SAE 5210, total case 0.16 mm a), and linear
wear of carburized SAE 5210, Total Case 0.95 mm b). Adopted from [6].

This can be seen in Figure 8.

It is well-known from tribological research that nitrided layers
used for aircraft bearings subjected to friction and rolling contact
fatigue (RCF), typically made of M-50 and M50NIL steels, must have
nitrided layers without compound zones and without an intergran-
ular network of nitrides [5, 6]. Layers with this type of structure
can only be formed using low-nitriding potential processes such as
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Figure 11: Gear segment during ion nitriding-mechanical masking. Images taken
at Advanced Heat Treat Corp. Monroe, Michigan.

Plasma nitriding is beneficial

in many of the gears’ nitriding
applications because of not only
its low-nitriding potential but also
the ability to mechanically mask
the surfaces, which have to be
protected from hardening.

plasma nitriding and/or a very sophisticated low KN gas nitriding.

It should be noted that applications of plasma nitriding are not
limited to the low KN nitriding-type process. This method allows
for nitriding austenitic stainless-steel parts, especially those made
of sinter metal/powder metallurgy materials where activation of
the surface is very important and penetration of the porosities,
which can happen when gas nitriding is used, is not allowed [7].
See Figure 9.

NITRIDING OF GEARS

Nitrided layers with a moderate compound zone thickness are very
good for enhancing tribological properties of gears when they are
made of low alloy-type steels [8, 9]. Their tribological performance
is excellent and may outperform carburized gears [6]. In the past,
nitrided gears had to be grinded to remove the excessive compound
zone. At the moment, application of the processes with the low-
nitriding potential such as plasma nitriding or controlled gas
nitriding allows for producing layers with proper CZ thickness.
Those layers have very good frictional and RCF properties. Failure
of the mechanical parts, as gears subjected to rotation and friction,
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can occur by different mechanism, and the most common is wear
by friction. If the surface hardness is insufficient to resist friction,
galling or seizure may result. Therefore, reducing wear by friction
is critical in preventing the other failures. Surface hardness of
nitrided or carburized components is significantly increased
compared to the treated steel, and the residual compressive stress
is generated through the entire thickness of such a layer. Those
properties are desired in many applications. It is important to
compare tribological behavior of the same low-carbon steel
after two different thermochemical processes — nitriding and
carburizing. See Figure 10. The samples from both treatments
exhibited a linear wear rate at 50-200 MPa unit load, and the wear
was similar after nitriding and carburizing, and it had a linear
character. However, the wear intensity (um/min) measure under
the same unit load was about 50 percent smaller after nitriding. At
600 MPa, samples after both treatments went into seizure.

It also should be noted here that plasma nitriding is beneficial
in many of the gears’ nitriding applications because of not only its
low-nitriding potential but also the ability to mechanically mask the
surfaces, which have to be protected from hardening, see Figure 11. §
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During a university study, experiments were conducted
to measure the effects on different steel samples as they
undergo various types of heat treatment.

By ATHANASIOS K./ Z0IS

he heat treatment of steel changes its microstructure,

its hardness, and its tensile strength. These issues are
T of utmost importance as they are closely related to its

uses and applications. This article is an experiment,
conducted at the university laboratory of physical metallurgy. It
assesses the abovementioned issues in the cases of various steel
samples, each of which undergoes a different type of heat treat-
ment. Using the appropriate methodology and techniques, vari-
ous conclusions are drawn. The main objective of this article is to
explain this methodology.

1INTRODUCTION

In order to be made appropriate for various uses and applica-
tions, steel has to undergo various procedures such as quenching,
tempering, and annealing. Those procedures of heat treatment
change the microstructure of steel. Its grade (hypoeutectoid,
hypereutectoid, etc), determined by its content in carbon, is of
utmost importance.

The measurement of hardness and tensile strength poses an
important issue as regards the heat treatment of steel, so that vari-
ous types of steel can be produced, depending on their future use.

This work is an experimental procedure that was conducted
at the laboratory of physical metallurgy of the National Technical
University of Athens, Greece. It is a case study on the measurement
of hardness and tensile strength of steel. It is important to note that
it was carried out under laboratory conditions, concerning the time
sets and temperature used in the procedures. Through the use of
the appropriate methodology, namely the use of the T-T-T diagram,
the hardness/tensile strength conversion chart and obtaining the
objective functions, the article draws conclusions on various steel
samples, each of which undergoes heat treatment under different
conditions, such as a different cooling rate and cooling tempera-
ture or a different tempering temperature. Consequently, the article
does not discuss any innovations; it aims to explain the methodol-
ogy and techniques that are applied in the various stages of heat
treatment of steel.

2 EXPERIMENTAL PROCEDURE

2.1 Microstructure

The first experiment focuses on the microstructure of steel. We
had four hypoeutectoid steel samples with a 0.53% carbon content.
The first sample did not undergo any treatment, and it retained
its initial properties. The rest of the steel samples were placed in a
furnace in 900°C for 15 minutes in order to undergo austenitizing.
After being heated, the second sample underwent rapid cooling in
a water container. The third sample was left to cool at room tem-
perature for approximately 20 minutes. Finally, the fourth sample
was left in the furnace thats door had been left half open in order
to drop the temperature from 900°C to 600°C for about 20 minutes

Samples 1st measurement 2nd measurement GPA
(HRC) (HRC) (HRC)
1 19 16 17.5
2 59 59 59
3 27 27 27
4 23 21 22
Table 1: Measurement of hardness of steel samples after cooling.
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Figure 1: T-T-T diagram of steel with a 0.53% C.

and then it underwent rapid cooling in water.

After the completion of the abovementioned procedure, we con-
ducted a test to measure the hardness of the four samples. The find-
ings of the test are presented in Table 1.

The results of our test shall now be explained through the aid
of the T-T-T diagram and any possible deviations shall be justified.
(Figure 1)

Ist steel sample

As we have already mentioned, the first sample did not undergo any
procedure, and it retained its original properties as well as its initial

microstructure. In other words, a transformation of austenite to mar-
tensite or any other transformation whatsoever was not observed. To

be more specific, since the case in point is about hypoeutectoid steel

with a 0.53% carbon content, its microstructure should be proeutec-
toid ferrite and pearlite.
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2nd steel sample

The second sample was cooled rapidly from 900°C, so we observe a
martensitic transformation. The hardness of the sample is estimated
at 59 (HRC). Therefore, it is below the Mf in the T-I-T diagram. This
means that all the austenite has been transformed into martensite.
Therefore, the final microstructure is 100% martensite.

3rd steel sample

The third sample was left to cool slowly at room temperature. Its
hardness measures 27 (HRC), and, according to the T-T-T diagram, it is
within the F+Cregion. In other words, the sample consists of ferrite
and cementite, i.e. pearlite. The cooling process was slow, and the
austenite had not been transformed into martensite.

4th steel sample
In this case as well, the cooling process was slow, and the conditions
were not appropriate for a martensitic transformation. Austenite
transforms into ferrite and cementite, i.e. pearlite. Any further cool-
ing, even a rapid one, formed. According to the T-T-T diagram, for
HRC =22, we are in the F+Cregion. To put it another way, the sample
consists of ferrite and cementite.

The above mentioned are presented in the T-T-T diagram that con-
cerns the transformation phase of the 2nd, the 3rd, and 4th steel
samples during heat treatment.

2.1.1 Results and Discussion
Consequently, we reach the conclusions presented on Table 2.

It is observed that only rapid cooling causes martensitic transfor-
mation (2nd sample). The slower the cooling process, the more the
reduction in hardness without the occurrence of martensitic trans-
formation (3rd and 4th sample). Martensitic transformation occurs
only in the case of the first rapid cooling (2nd sample vs. 4th sample).
Bear in mind that, through the use of an electron microscope, we
will proceed to analyze the microstructure of the samples.

2.2 Hardness and Tensile Strength

The second experiment intends to measure the hardness and
the tensile strength of steel. A diagram depicting the changes in
hardness and tensile strength of four steel samples of 0.53% C in
relation to their tempering temperature shall be constructed. The
findings we collected during tempering shall be compared and
further explained.

For this part of the experiment, four samples of hypoeutectoid
steel with 0.53% carbon content were placed in the furnace and heat-
ed at 900°C for 15 minutes. Afterwards, the samples were cooled in
water containers.

Following heat treatment, the first sample was kept as a point of
reference. The second steel sample was placed in a furnace in 200°C
for 1 hour while the third steel sample was placed in a furnace in
400°C for 1 hour. Finally, the fourth steel sample was placed in a
furnace in 600°C for 1 hour. Afterwards, the samples were left to
cool in water containers.

After the abovementioned procedures, the hardness of the four
samples was measured. The findings of this test are presented in
Table 3.

In order to find the tensile strength of the samples that is equiv-
alent to their hardness measurements, we shall go to the table
depicting the hardness/tensile strength conversion chart (DIN EN
ISO 18265).

In the case of hardness HRC = 66

There is no equivalent tensile strength to a HRC = 66 hardness.
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Samples Microstructure at 25°C
1 Proeutectoid ferrite and pearlite
2 100% martensite
3 Ferrite and cementite i.e pearlite
4 Ferrite and cementite i.e pearlite

Table 2: Microstructure of steel samples after cooling.

Samples Tempering Hardness
Temperature (°C) Measurement (HRC)
1 - 66
2 200 51
3 400 44
4 600 38

Table 3: Hardness measurement of steel samples after cooling.

HRC Tensile Strength (N/mm2)
49.1 1630
49.8 1665
50.5 1700
51.1 1740
51.7 1775
52.3 1810
53.0 1845

Table 4: Tensile strength of the 2nd steel sample according to its hardness.

HRC-Tensile Strength

1900

1850

y = 56.360x - 1 140.6

#1800

1750

1700

Tensile Strength (N/mm?®

1650

1600 |

45 44 k11 51 52 53 54
HRC
Figure 2: Curve of the objective function according to the hardness and tensile
strength (2nd sample).

In the case of hardness HRC = 51
The closest value on the table is the HRC = 51.1. In this case, we
take into account the three values above and the three values below
our initial one, and we create a diagram and the objective function.
(Table 4) (Figure 2)

Using the function y = 56.361x - 1,140.6 for x = 51, we reach the
conclusion that the tensile strength is y = 1,733.81N/mm?.

In the case of hardness HRC = 44
In this case, we work in the same way. Here, the closest value on the
table is HRC = 44.5. (Figure 3) (Table 5)

Using the function y = 39.463x - 333.44 for x = 44, we reach the
conclusion that the tensile strength is y = 1,402.93N/mm?.



HRC-Tensile Strength HRC-Tensile Strength
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Figure 3: Curve of the objective function according to the hardness and tensile
strength (3rd steel sample).

Figure 4: Curve of the objective function according to the hardness and tensile
strength (4th sample).

HRC Tensile Strength (N/mm2) HRC Tensile Strength (N/mm2)
41.8 1320 34.4 1095

42.7 1350 . 35.5 1125

43.6 1385 . 36.6 1155

445 1420 377 1190

45.3 1455 . 38.8 1220

46 1485 398 1255

46.9 1520 . 40.8 1290
Table 5: Tensile strength of the 3rd steel sample according to its hardness. Table 6: Tensile strength of the 4th steel sample according to its hardness.
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In the case of HRC = 38
Similarly, in this case, the closest value on our table is HRC=37.7.
Therefore, using the three values below and above this one, we are
able to obtain the objective function. (Table 6) (Figure 4)

Using the function y = 30.304x + 48.826 for x = 38, the tensile
strength is y = 1,200.38N/mm?.

Bearing in mind the above-mentioned, we reach the conclusions
presented in Table 7.

The abovementioned findings concerning all four steel samples
are depicted in Figures 5 and 6.

3 RESULTS AND DISCUSSION
Bearing in mind the findings of our experimental study, we reach
the conclusion that the second sample — the one with the 200°C tem-
pering temperature — showed the highest measurement of tensile
strength. The third sample followed as regards its tensile strength
while the fourth sample shows the lowest measurement of tensile
strength.

It makes perfect sense that our initial sample shows the highest
hardness measurements as well as the lowest ductility measurement.

It is observed that the higher the tempering temperature, the
lower the reduction in both hardness and tensile strength. We must
also bear in mind that the tempering time remained the same (1
hour) in the cases of all samples so that hardness would not be influ-
enced by the time factor. §
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Samples 1st measurement 2nd measurement GPA
(HRC) (HRC) (HRC)
1 - 66 -
2 200 51 1733.81
3 400 44 1402.93
4 600 38 1200.38

Table 7. Relation of tempering temperature, hardness and tensile strength of
the four steel samples.
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Electric vehicles are gaining greater traction in the consumer
marketplace, and more effective battery thermal management
will be a major concern going forward. Immersion cooling may
be the way forward for EV manufacturers.

By/ANDY RICHENDERFER

he electric vehicle (EV) revolution is well underway: It’s

estimated the number of EVs populating U.S. roads alone

T will double by 2024. And though the internal combus-

tion engine (ICE) vehicle is a long way from disappearing,

it’s anticipated EVs will continue to make up an increasing portion
of the vehicle population around the world.

As this evolution takes place, EV manufacturers and the automo-
tive industry at large need to answer an increasingly critical ques-
tion: What is the best method for keeping increasingly powerful bat-
teries cool enough to operate at peak performance over the vehicle’s
useful life?

EV battery thermal management is increasingly important.
Today’s batteries are more powerful than ever, and that trend will
continue for the foreseeable future. Newer charging demands have
thus rendered traditional cooling methods increasingly ineffective.
Conventional air cooling is not quite up to the task of keeping new
batteries at optimal temperatures. Water-glycol systems have since
been deployed instead, but these solutions simultaneously involve
some inhibitive challenges for increasingly sophisticated batteries.

This situation has left EV manufacturers searching for an answer

—one that might be found in new immersion cooling systems, which
have emerged as a technology with the potential to revolutionize
battery thermal management. This article will further detail some
of the challenges of effective thermal management in modern EVs,
traditional methods’ inherent limitations, and the benefits that can
be had by deploying immersion cooling solutions.

COMPARING HEAT DISSIPATION IN EVS AND ICES

To best understand the challenges inherent to successful EV battery
thermal management, it’s useful to compare modern EV technol-
ogy to traditional ICE operation. For example, ICE vehicles typically
generate significant waste heat. On average, only about 40 percent of
ICE heat helps keep engine components operating as intended, while
the remaining 60 percent is used to help run the catalytic converter
system or provide heat to the vehicle’s cabin when needed.

EVs, meanwhile, generate heat much differently. While an EV is
driving, it will typically run at nearly a 90 percent efficiency rate
and generate far less excessive heat than an ICE. Still, even mild
levels of heat excess can damage a range of sensitive electric equip-
ment responsible for keeping the car in safe working order. More
concerning is the heat generated while an EV is charging, especially
in rapid charging applications. As batteries are replenished, an effec-
tive cooling mechanism is absolutely necessary to protect the rest of
the engine architecture and the battery itself.

Here, the most important concern is safety. Overheated batteries
are at risk for thermal runaway, a phenomenon in which the bat-
tery’s lithium-ion cell enters an uncontrollable, self-heating state.
Unless the battery is cooled effectively, the temperature within the

battery will continue to rise and cause structural and chemical integ-
rity to be compromised. As this happens, an uncontrolled battery
fire could result.

But even outside of this worst-case scenario, batteries that regular-
ly experience mild overheating tend to age more quickly and will pro-
vide diminished range, power, and performance across the vehicle’s
lifetime. Meanwhile, excessive heat generated during charging can
cause damage to the vehicle’s electric motor and power electronics,
all of which can lead to expensive breakdowns and potential safety
hazards for drivers.

LIMITATIONS OF CONVENTIONAL COOLING METHODS
To understand the need for more effective cooling methods, it’s
important to examine the limitations of current technology. Air-
cooling methods were initially deployed in many of the first EVs on
the market, but these types of systems quickly demonstrated limited
effectiveness in helping to mitigate the excess heat generated by
rapid charging. Not only did this pose a threat to the battery itself,
butitwas a fundamental hurdle to widespread EV adoption. Batteries
must be compatible with rapid charging to meet consumer demands.
The migration to water-glycol cooling systems was quick. These
systems were broadly adapted from technology used to mitigate
excessive heat in modern ICE engines. Here, a series of tubes are
filled with a cooling water-glycol solution. The tubes then surround
the battery pack with the intent of keeping battery temperatures
within an optimal range between 20°C and 32°C. Water-glycol cool-
ing proved significantly more effective than air cooling, allowing for
faster charging speeds and helping to extend the life of the battery.
Water-glycol systems have since demonstrated their own shortcom-
ings; however, because since they are filled with a water solution, the
systems cannot come into direct contact with the electric battery. Any
leaks in the system would cause potential safety issues were water to
hit the battery or other electronics. For these reasons, many EV OEMs
have found themselves searching for effective alternatives — and one
solution demonstrating significant potential is immersion cooling.

IMMERSION COOLING AND ITS ADVANTAGES

Immersion cooling systems are not yet in commercial production,
but multiple OEMs are actively exploring the deployment of these
kinds of systems within their EV designs.

What is immersion cooling? In such a setup, the battery is sub-
merged in dielectric fluid, enabling a more direct cooling approach
than a water-glycol system. No complex tube system is required,
as the dielectric fluid comes into direct contact with the battery.
High-speed battery charging simulations have shown the differences
between immersion cooling and water-glycol systems, and they dem-
onstrate a number of benefits, including:

Greater enablement of high-speed charging. Immersion cooling
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As the technology grows toward maturity,
it's reasonable to expect that immersion
cooling technology will eventually become
standard for most EV battery-cooling
systems. (Courtesy: Shutterstock)

was shown to extend the battery pack’s life by 8 percent over a
water-glycol system. Meanwhile, immersion cooling was more
effective in controlling peak and average temperatures. Finally,
immersion cooling reduced peak battery temperature by 5
percent over water-based systems and promoted more uniform
temperatures throughout the pack.

SAFETY ADVANTAGES
Immersion cooling eliminates the risk of accidental water exposure
to the battery because the dielectric fluid is already completely
surrounding it and poses no electrical incompatibility risk. Further,
if a catastrophic failure were to occurin a particular battery cell, the
surrounding dielectric fluid helps prevent the spread of heat in one
cell throughout the entirety of the battery pack — this would help
stop other nearby cells from experiencing thermal runaway.

This kind of testing has reliably demonstrated its efficacy and
advantages over water-glycol systems, and we anticipate that it will
gain significant traction as the market for EVs continues to mature.

WHY CUSTOM FORMULATIONS MATTER

For immersion cooling to truly meet its potential in EV applications,
the dielectric fluids must be formulated to specifically meet those
needs. These fluids are not new — they have been used in wide-rang-
ing applications for years. However, many of these have not been
purpose-designed for EVs and battery cooling. Instead, custom for-
mulation approaches are likely necessary to deliver the levels of per-
formance OEMs are searching for.

To achieve these goals, collaborative approaches between OEMs
and lubricant manufacturers and formulators can help. These rela-
tionships should grant OEMs the flexibility necessary to adapt as
new EV battery and architecture design iterations are developed and
brought to market.

Assistance from a custom-formulation partner can help optimize
the fluid’s performance properties as testing is performed through
iterative tweaking and changing chemistry and additive packages.
And because immersion technology is new, there are many complexi-
ties that must be worked through.

IDEAL DIELECTRIC FLUID PERFORMANCE
PROPERTIES

While there are many variables to consider in dielectric fluid

38 DECEMBER 2022

formulation, a few of the most important include:

) Heat Transfer. An ideal fluid will help warm up batteries quickly
and keep them cool (below 50°C) to maximize battery life, range,
and output. This helps to keep other electrical components cool to
maximize efficiency.

) Safety. Fluids must work with the hardware to prevent battery
aging and in the event of thermal runaway prevent the failure from
spreading throughout the battery pack. Additionally, fluids in direct
contact with electronics must have low electrical conductivity.

) Durability. Fluids must be selected and formulated to last the
lifetime of the battery and be compatible with the polymers and seals.

CHOOSING A FORMULATION PARTNER

As the technology grows toward maturity, it’s reasonable to expect
thatimmersion cooling technology will eventually become standard
for most EV battery-cooling systems.

As this happens, the fluids necessary to keep the batteries cool
will also need to evolve. Fluid formulators will need to be flexible
enough to customize chemistries in partnership with leading EV
OEMs to adapt their fluids to this emerging technology.

And because most OEMs are only in the initial testing phases
for immersion cooling in mass-market production vehicles, a
formulation partner with deep expertise in fluid technology can be
beneficial in overcoming some of the initial challenges and hurdles
associated with early-stage development.

EV OEMs should work closely with formulation specialists to
identify the right dielectric fluid performance properties for their
unique systems.

With its inherent benefits for battery cooling applications,
immersion cooling is a logical choice for EV OEMs. Working with
the right partner can help those OEMs seize the benefits sooner
rather than later. §
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used for precision temperature
control and uniformity.
(Courtesy: DELTA H)




DELTA H® Technologies offers numerous types of industrial
furnace and heat-treat ovens for a variety of applications,
including aerospace, medical, and more.

By KENNETH CARTER, Thermal Processing editor

change in enthalpy is the change in energy within a
system. Put simply, it is the heat exchanged between a
system and its surroundings.

That’s exactly what happens within a heat-treating
furnace, so it was an easy step to get to the origins of DELTA H®
Technologies: DELTA H is the symbol for change in enthalpy. And
DELTA H Technologies has endeavored to make itself a symbol of
excellence within the ever-changing heat-treating industry.

“My wife, Mary, is a retired chemistry and physics teacher; she
actually came up with the name,” said DELTA H Technologies CTO
and Founder Richard Conway. “It’s kind of a cool name for anything
to do with ovens and furnaces, and we’ve had that ever since, and
it’s now a registered trademark.”

SINGLE AND DUAL CHAMBER
SYSTEMS

The DELTA H® brand has been around for
almost 30 years, but its current incarna-
tion as DELTA H Technologies designs and
builds dual and single chamber aerospace
heat treating (DCAHT® | SCAHT®) systems
with an emphasis on making various sizes
of walk-in ovens and cabinet ovens, as well,
according to Conway.

“We tend to be niche focused and watch
for emerging technologies,” he said. “We
really like the high-demand applications —
especially aerospace and defense. We also do
alot with metal additive manufacturing and
out-of-autoclave or vacuum composite appli- |
cations — all aviation related. Our systems |
will meet class one for most applications, =
even though it’s not required. They are all
about high-performance with intensive data
acquisition systems.”

DELTA H’s wheelhouse is mostly custom designed work that
builds on the company’s established designs, according to Conway.

“We have a whole lot of standard designs and then we modify
those,” he said.

Conway emphasized that DELTA H® Technologies always strives
to make the best product available.

“We focus on incomparable value and then sell for a fair price,” he
said. “That’s kind of a big distinguishing thing with us. Our systems
are typically heavy-duty steel construction, oversized blower shafts
and fans, and we use Link-Belt bearings and Baldor motors, which
are the best you can get, and the highest quality we can find for
most anything on our units. We have an electrical house that does
our enclosures and subpanels, and they do brilliant, breathtaking
work. Our systems are masterpieces of craftsmanship, works of art
in themselves, and people just recognize that. For the industries we

serve, they generally have a very fast breakeven point, especially
when it comes to aviation and medical applications.”

AMS STANDARDS

Since a lot of DELTA H’s work involves aerospace applications, much
of what the company does revolves around AMS standards, accord-
ing to Conway.

“If you would study these aerospace standards for a long time and
then try to dream up the most perfect furnace system for that, it’d be
one of our units,” he said. “Every time we get another idea or some-
body has a suggestion, we usually quickly adopt it in our designs.”

In addition to aerospace, Conway said DELTA H also has a hand in

Since a lot of DELTA H's work involves aerospace applications, much of what the company does revolves
around AMS standards. (Courtesy: DELTA H)

emerging technologies as well as standards for the medical industry.

“MedAccred adopted AMS 2750 as their heat-treating standard, so
we got into the medical side of things not even knowing much about
it,” he said. “Now we have projects in Malaysia and a couple other
parts of the world over there that involve orthopedic-type applica-
tions and heat treating that has to be compliant with AMS 2750.
That’s pretty exciting stuff.”

That brings home a point of pride with Conway in that, with his
decades of experience, he said he can build anything.

“I'm ready to take on anything; when we get a new challenge, we
welcome it even if they might have a different spec or a different
parameter,” he said. “We’re building a system right now that’s an
inert atmosphere oven. It has to have rapid cooling on it, and so we
have a heat exchanger inside this oven that can heat up to 1,200°F in
about an hour or so, and it can also cool down to ambient again, all
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under atmosphere, in about two hours. That
took some serious engineering to figure how
to do that, and we’re getting ready to ship
that this week. That was quite a challenge.”

FIRST CHALLENGE
Never backing away from a challenge is been
the history of DELTA H since the beginning.

During the 1990s, Conway did a lot of
consulting and technical service work, and
he started building replacement control sys-
tems. In 1999, he got a call about a project
at a San Antonio airfield. A customer at an
aircraft maintenance-repair-overhaul (MRO)
facility needed a way to heat-treat parts in
order to avoid aircraft-to-ground, or AOG,
situations. Sending those parts out to be heat
treated had been deemed to be too expensive
and time intensive.

Conway was flown in and soon informed
them that the hobby kiln the facility had
purchased would not work for their needs.
In response, Conway designed a small, com-
pact system that could do both solution heat

DELTA H CTO and Founder Richard Conway says working with the military is very rewarding for him.
(Courtesy: DELTA H)

treating and aluminum aging with a rollaway quench tank. “They didn’t need anything super fancy, but it just had to meet all

Since almost all of the parts the facility needed to quickly heat  these aerospace performance specs,” he said. “That was the whole
treat were less than four feet long and lightweight, Conway said he  trick, and, after that, I started selling or developing them. The sec-
was able to design a dual chamber concept that met all of the facil- ond one went to another customer in San Antonio, and the third

ity’s required specifications.

42 DECEMBER 2022

one went to Boeing in Salt Lake City, and the rest is kind of history.




We’ve built them ever since and improving as necessary to meet the
evolving specs. They’re used by the armed forces all over the world,
and they’re used by leading aircraft OEMs, MROs, and many parts
manufacturers.”

A FAMILY BUSINESS

Several years after Conway had established DELTA H, Conway’s twin
children, Neal and Ellen, came on board with the company in 2009,
and DELTA H Technologies, LLC was born. Conway said DELTA H is
very much a family business — a fact he is most proud of.

“That fall in 2009, we got a whole bunch of orders for these dual
and single chamber systems, and it went on from there,” he said.

“Being in a family business is hard to top. I spend about every day
with my twins, Neal and Ellen, and my wife of nearly 40 years, Mary,
is here most of the time. That’s really the best thing. Our youngest
son, Scott, was also involved before joining the USAF and is now a
full-time engineering student in Utah.”

But, if Conway had to choose a close second place, he said he also
is proud of the work he does for the armed forces.

“Working with the military is very rewarding for me personally
as a USAF veteran — that the military is standardizing on our equip-
ment is very fulfilling,” he said. “We also have developed a horizon-
tal quench system that’s used by the company supplying satellite
parts for the Canadian Space Agency. We have our most advanced
and biggest DCAHT systems at the Michoud Assembly Facility for
NASA heat-treating tubes for this next generation of rockets and
space-launch systems (SLS) in that rocket heading to the moon right
now — cannot be more rewarding than that. Most major aircraft
OEMs use our equipment at different facilities, and are 100 percent

dependent on them, and that’s pretty rewarding as well.”

LOOKING TO THE FUTURE
Conway isn’t one to rest on his laurels, and he said DELTA H will
continue to grow its product line as it looks to the future.

“We are branching into some other industries,” he said. “We’re
getting a little bit more into industry-type things, for example a
project with RIDGID® Tools. Those kinds of systems are interesting
and can be used in industrial applications where more standard
heat treating is going on. We do have quite a bit of growth in auto-
motive as well, but I think we’re just going to keep an eye out on
emerging technologies and just see what happens here over the
next few years.”

All in all, it’s been a challenging and rewarding company for
Conway where the results speak for themselves, but Conway’s lon-
gevity in the industry boils down to something even more elemental
than that:

“We’re just having fun —I mean, it’s exciting,” he said. “We some-
times get crazy projects, and we never know who’s going to be calling
or what the challenge might be. In this industry, I've got to have a
background where I can work with these engineers and scientists
and understand what they’re trying to do and then figure out what
the best heat-processing application is and how we would apply a
solution. We figure it out for them and then, if they like the idea, we
calculate a price for it, build it, install it, and train the customer in
how to run it, and then they’re off to the races.” §

MORE INFO delta-h.com
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{=) PO Box 235, Niagara Falls, New York 14302-0235 | T. 905.356.1327 | F. 905.356.181 <l

decision makers at their companies.

To learn more, contact national sales director
Dave Gomez at dave@thermalprocessing.com

or call 800.366.2185 ext. 207 pPOCESSIng
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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

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

Build the future of
manufacturing with us.

Join ateam in Sunnyvale, CA, that’s
blazing frails in manufacturing with
highly automated, state-of-the-art
facilifies in a culture where your voice
is heard and valued.

NG!

NORTHROP GRUMMAN

EXPLORE OPPORTUNITIES AT
ngc.com/manufacturing-careers

© 2022 Northrop Grumman is committed to hiring and retaining a diverse workforce. We are proud fo
be an Equal Opportunity/Affirmative Action Employer, making decisions without regard fo race, color,
religion, creed, sex, sexual orientation, gender identity, marital status, national origin, age, veteran
status, disability, or any other protected class. U.S. Citizenship is required for most positions. For our
complete EEO/AA and Pay Transparency statement, please visit www.northropgrumman.com/EEO.
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Q&A /// INTERVIEW WITH AN INDUSTRY INSIDER

What is Qmulus, and why did Nitrex feel the need to develop it?
Qmulus is a holistic IOT solution with the aim to facilitate and opti-
mize the daily work of heat treaters. It offers different functionalities
such as monitoring, controlling things, detecting anomalies, finding
reasons and solutions for these anomalies, analyzing certain things,
and optimizing the whole process. It also helps auditing and report-
ing all the things you have at heat treatment on regular base. The
reasons why we thought it would be a great idea to develop some-
thing like this is that there isn’t such a solution where everything
is under one roof.

Nitrex has some really good digital solutions and special furnace
software, but it’s only ever really focused on an individual piece of
equipment, an individual instrument, or a special functionality.
There was a solution missing where all of these things can be brought
together in one platform, and that’s really what this is: It’s a platform
that lets you have your entire heat-treat plant at your fingertips. It is
not only a visualization of furnaces, their current status, and what
they’re doing but also the ability to review all the documentation for
those assets, whether they’re manuals or spare parts lists or other
things. The ability to review past heat-treatment cycle data, compare
that to one another, download recipes into individual controllers,
identify anomalies, all of this functionality for an entire plant or
even a group of plants can be brought under one roof.

How does the cloud allow the heat-treating sites to be managed
remotely? What advantages does this allow?

Many furnace manufacturers have provided some kind of remote
interface in the past with varying degrees of success. But having
an on-prem service that communicates and synchronizes data from
furnace systems and instruments to the cloud really improves the
ease with which someone can interact and access. I can sit here at
my desk, and I can log in and seamlessly check on a facility in the
Chicago area from my smartphone or from my laptop with a browser.
There’s no software to install. It’s not clunky. It’s user friendly.

Qmulus allows for this real-time visibility of a heat-treating
plant. How does it do that?

All of the data is already available in these plants. It’s in data silos
and in separated systems already available. Nitrex has created its own
edge device for IoT systems, which is collecting the data of different
sources, aggregating this data, encrypting this data, and sending it
into the cloud environment. And with the cloud environment, I do
not only mean the public or private cloud environments hosted for
example in AWS or Azure, but also, if needed, an on-premises cloud.
The customer can even have its own cloud system and Qmulus can
be installed there as well. But the beauty is that we have all the
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“Omulus is a holistic 10T solution with the aim to facilitate
and optimize the daily work of heat treaters.”

information and software services running and available in one
place where it is easy to create backups, to service, and to update.

Additionally, as with any system that collects large amounts of
data and with the current tools that are available to users now, like
cloud computing power, we can harness this to actually crunch all
of those massive amounts of data and actually draw conclusions and
inferences and even enable adjustments of processes in real time
based on historical trends. And this is something that really hasn’t
been available in our industry, although it’s been made available to
other industries.

Enabling this for heat treatment in order to provide a level of
predictive quality, this is something that’s really powerful, and we’re
looking forward to bringing this functionality to heat treaters.

How does Qmulus provide data protection?

Qmulus, in general, is using state-ofthe-art communication proto-
cols and also encryption modules. All data in transfer or resting is
encrypted with the latest security encryption standards. We are fol-
lowing FIPS 140-2 or higher, which is a requirement for CMMC and
ITAR, for example. We are already aiming to meet the upcoming
regulations, which are not final yet.

But we also have consultants leading us in the right direction.
We are making sure we are meeting the standards, and we are still
compliant. If we have a cloud system running on AWS or Azure, we
also rely on the security expertise of the infrastructure providers,
because they know best how to secure and protect data.

Basically the takeaway is that whatever government-mandated
security and data privacy regulations are in effect, Qmulus meets
those. It’s being constructed with the ability to host an on-prem
system, if that’s required, for sensitive government contractors, for
example. Or you could host it in a gov cloud as well, to be defense
compliant. And all the customers, even in public cloud environments,
are isolated. They have their own private subnets/tenants, so the data
is strictly separated. There’s no way a customer can have access to
other customers’ data.

What has been the market reaction so far?

All the potential and existing customers we presented Qmulus to say
it’s definitely the right way to go and that the market was lacking
such a solution. In general, I think that they are happy that finally it
is going this route. In particular, the feedback was pretty good at FNA.
Every major customer —I'm talking about large manufacturers that
have a digitalization strategy — have said it fits with their strategy. §

MORE INFO  www.nitrex.com


http://www.nitrex.com
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Proudly Made in the USA
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