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The Brightest Solutions 
Through Ingenuity

THE NEW SSQ-IQ WITH CARBURIZING IS A CRUCIAL 
TOOL FOR GEAR PROCESSING.
The innovative engineering of the new SSQ-IQ 20 Bar HPGQ vacuum 
furnace from Solar Manufacturing produces breakthrough cooling rates 
for certain materials that were previously unachievable. These turbulent, 
high velocity quench rates are attained through a minimally restricted 
gas flow path coupled with a high performance, synchronous drive mo-
tor. With available Low Pressure Vacuum Carburizing, the SSQ-IQ is the 
future of HPGQ furnaces.                                                    

To view technical specifications and versatile          
options for the SSQ-IQ series, scan the QR code or 
visit www.solarmfg.com/gear.

www.solarmfg.com 
267-384-5040

PROUDLY MADE IN THE USA

BREAKING BARRIERS IN GEAR PROCESSING
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UCON® POLYMER QUENCHANTS ARE SOMETHING GEARS 
CAN REALLY SINK THEIR TEETH INTO…LITERALLY.

With UCON® polymers in your quench tanks, you get the 
benefits of Tenaxol technology, a knowledge base derived 
from over 50 years in the commercial heat treating industry.  

The superior chemistry of UCON® polymers outperforms 
all water and other quenching techniques and is the safe 
alternative to oils for the majority of ferrous and 
non-ferrous materials.  

The unique challenges of gear, spline and gearbox 
quenching are never a problem with UCON® on the job. 
The wide assortment of products available from 
Tenaxol combines with our decades of application 
engineering to provide the optimum solution for your 
needs.  That’s no brag, it’s our promise.  

Tenaxol, part of the Chemtool family, also provides you quality 
quench oils, lubricants, metalworking fluids, cleaners and rust 
preventatives…all from a single source!   
Visit our website www.tenaxol.com for more information

1001 E. Centralia Street, Elkhorn, WI 53121 USA  
Phone: 414-476-1400
Attention:  Jim Harrison
Representatives Worldwide   

Tenaxol Ad4775    Thermal Processing   July 2013
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Company profile: The euClid heaT TreaTing Company
By Tim Byrd
CEIA USA has created a solid foundation of reliable solid-state generators featuring the highest quality standards and performances.22
induCTive Spin hardening of gearS: a Survey of Key feaTureS and BenefiTS
By Dr. Hansjürg Stiele and Kristian Berggren
Although induction hardening is being increasingly used within the gear industry, much misunderstanding remains about this amazing technology. 28

CaSe STudy - Company: praxair diSTriBuTion, CuSTomer: ald Thermal TreaTmenT
By Crystal Baus 
In the past several years, heat treating companies have experienced a significant supply disruption in generated acetylene. Additionally, generated acety-
lene may not offer the purity required for important manufacturing processes such as the vacuum carburizing function of heat treating for gears. 

40
CureS for heaT TreaTerS’ headaCheS
By Curt Colopy
A discussion of what causes furnace component failure and the commercially available improvements or substitutes. 44

properTieS of CaSeS TreaTed wiTh high-TemperaTure vaCuum CarBurizaTion
By Piotr Kula, Konrad Dybowski, Robert Pietrasik, Sylwester Pawęta, Jozef Olejnik, Maciej Korecki
The influence of nitrogen on restricting austenite grain growth during vacuum carburizing and on mechanical properties (fatigue strength,  
impact resistance) of layers that underwent such treatment in comparison with traditional carburizing methods.34

improving produCTion Safely wiTh inTegraTed heaT TreaT and QuenChing Cell
By Pete Komrowski and Chris Marinucci 
Heat treaters are always looking for methods to improve productivity. Integrating equipment and processes that are safe and cost-effective 
result in improved production quality and reliability.

50
SimulaTion of gaS QuenChing of STeel parTS
By B. Lynn Ferguson, Zhichao (Charlie) Li, and Andrew M. Freborg
With the absence of a quenchant phase change, gas quenching can result in more uniform heat extraction. However, gas quenching is not without inher-
ent problems.
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 iS your Shop ready for a  fire?



Ipsen’s ATLAS® integral quench furnaces are highly engineered, sophisticated machines that are easy 
to operate and maintain, all while being extremely cost effective. ATLAS delivers top-quality 
uniformity through cutting-edge technology and design:

 •   Intelligent controls, Carb-o-Prof®, provide you with your very own               
      electronic metallurgist
 •   SuperQuench with adjustable oil speed and powerful agitators
 •   Muffle system for uniform temperature control
 •   Safety – all ATLAS furnaces are water free for maximum safety
 •   30% less gas consumption
 •   Recon® burners – single-ended recuperated tubes (SERT) 

The unique HybridCarb® from Ipsen is an ultra-efficient gassing system designed to replace endothermic 
generators and other gassing systems. Its core strength is precision gas control. Instead of burning off 
excess gas, the process gas is reconditioned and reused, increasing efficiency up to 90 percent. 

Other benefits of HybridCarb include:
 •   Connects quickly and easily 
 •   Increases carburizing efficiency
 •   Reduces CO2 emissions by 90% 
 •   Less expensive to operate than endogenerators
 •   Consumes significantly less gas
 •   Lowers heat output, creating a more comfortable 
      work environment
 •   Powers up and down at anytime, quickly and easily

®

For more information, please visit 
www.IpsenUSA.com/ATLAS

www.IpsenUSA.com/ATLAS

ATLAS delivers the best in...smart solutions.

®
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Vacuum Furnace Innovations
Providing Profitability Through Technology

Innovative vacuum furnace technologies 
available for every production requirement.
ModulTherm®..... high volume production designed for 
 incremental growth.

SyncroTherm®...high profits by synchronizing
 with machining centers.

DualTherm®........ high performance via separate
 heating and quenching chambers.

MonoTherm®...... high flexibility with a variety of 
 processes and configurations.

www.ALD-Holcroft.com

ALD-Holcroft Vacuum Technologies 
49630 Pontiac Trail
Wixom, MI 48393-2009 USA
Ph: 248.668.4130
Fx: 248.624.3710
E-mail: sales@ald-holcroft.com
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leTTer from The ediTor

Gear heat treatment is an integral part of  the world of  mechanics. Any gear produced 
for use in any application must perform particularly well for the function we require of  
it. It must be long-lasting, durable, and must not distort over time.  Even as you read 
this letter In countless machines across the world, gears will turn innumerable times. If  
a gear is not properly strengthened, there isn’t really any point in making it in the first 
place, considering how much it’s going to be used. Throughout the ages, we’ve used 
heat treatment to strengthen our metals to withstand the work we use them for. Gears 
are perhaps the most used tool in history.

Thermal Processing for Gear Solutions had this in mind whenever we put together this 
book, which we do twice a year. It’s more than just an “addition” to our monthly 
Gear Solutions issue. It’s meant to be a reader for those in the gear industry interested 
in learning more about heat treating the gears they produce—either in-house or 
contracted—and it’s as hefty of  a technical book as you’ll find at any reference desk.

We’ve got cutting-edge articles from Seco/Warwick, INEX Inc., and Deformation 
Control Technology. EFD Induction has contributed a fascinating study on spin 
hardening of  gears, its increased use in the industry, and the common misconceptions 
that accompany it. Denton Thermal Solutions by O’Brien & Gere addresses gear heat 
treaters’ needs to increase productivity without sacrificing safety in the process.

Speaking of  safety, Marty Keylon is back for another humorous look at a serious 
topic. Fire (not the good, controlled kind used for heat treating gears) is an employer’s 
worst nightmare; Marty puts in a good word for a well-planned system in case of  a 
fire emergency. Jack Titus takes a microscopic look at the carburizing process and its 
influence on the wear performance of  steel in this edition’s “Hot Seat.” And Super 
Systems’ Jim Oakes discusses meeting specifications when heat treating gears, namely 
the furnace atmospheres involved.

Also in this issue, we have an enlightening Q&A with Jim Litzinger of  Orton 
Ceramics. Their patented TempTABS are a fascinating way to help monitor process 
temperatures during the heat treat process as well as great insurance against those who 
tend to “blame every problem on the furnace.” 

Our company profile is with Euclid Heat Treating Company. The Euclid Heat 
Treating Company was established in 1945 in a garage building with salt furnaces and 
open fired furnaces. Over the past 54 years, they have expanded to include endothermic 
atmosphere furnaces, an entire building devoted to induction hardening, an array of  
vacuum furnaces including a vacuum oil quench, pit furnaces, nitriding equipment, 
and much more.

Quenching, annealing, normalizing, furnaces, induction hardening...any gear 
manufacturer interested in the heat treat process need look no further than Thermal 
Processing for Gear Solutions. We’re proud to polybag it with Gear Solutions! Also, we look 
forward to seeing you at the ASM Heat Treating Society Conference and Exposition. 
Be sure to stop by and see us at booth #1846.

Tim Byrd
 managing editor

Thermal Processing for 
Gear Solutions magazine

editor@thermalprocessing.com
(800) 366-2185 x205

Published by Media solutions, inc.
P. O. BOx 1987 • Pelham, al 35124

(800) 366-2185 • (205) 380-1580 fax
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Companies wishing to submit materials for inclusion in Industry News should contact Tim Byrd at editor@thermalprocesing.com.
Releases accompanied by color images will be given first consideration. 

new Products, Trends, Services, and developments

Bodycote reports six-month revenues rose by 5% 
Bodycote plc, UK, reports that revenues in the six months to June 
30 rose 5% from $464 million to $488 million.  However, revenues 
would have fallen had it not been for the contribution of  businesses 
it bought, which added 7% to sales. One such business was the 
mid-October deal for Carolina Commercial Heat Treating, bought 
for $64 million. Pre-tax profits grew 10.5%, and the interim divi-
dend was increased by 10%.

 “The group delivered a good first half  result, with last year’s ac-
quisitions performing well,” Chief  executive Stephen Harris said. 
“Improvements in mix and rigorous cost control outweighed soft-
ness in demand, resulting in increased margins.”

Mr. John D. Hubbard, CEO (retired), Bodycote plc, headquar-
tered in Macclesfield, Cheshire, UK, is the recipient of  the 2013 
George H. Bodeen Heat Treating Achievement Award.

 Established in 1996, this award recognizes distinguished and 
significant contributions to the field of  heat treating through lead-
ership, management, or engineering development of  substantial 
commercial impact. Hubbard is recognized “For a lifetime of  
devotion to and advancement of  heat treating by transforming 
numerous small localized commercial heat treat providers into a 
network of  knowledgeable and technologically strong heat treat-
ing facilities to meet the needs of  the worldwide manufacturing 
community.” 

Hubbard worked nights at Warner & Swasey while earning a 
B.Sc. degree in metallurgical engineering at Cleveland State Uni-
versity. After graduating in 1970, he was appointed metallurgical 
engineer and promoted to manager of  heat treating departments 
for six facilities. He received his MBA from Cleveland State in 
1973 and was a part time adjunct professor for Business Ethics and 
Statistics at the university. He and a partner founded Furnace Ser-
vices and Furnace Controls in Cleveland in 1973, and sold com-
panies in 1976. He joined Hinderliter Heat Treating Inc., North 
American Heat Treating Group in 1976 as general manager, and 
became president in 1983. Bodycote plc acquired the company in 
1996 and Hubbard became president of  Bodycote’s North Ameri-
can Thermal Processing Div. In 2002, he became CEO of  Body-
cote plc, growing the company from 479m and 5700 employees 
to 730m and 11,000 employees in more than 300 facilities in 32 
countries when he retired.

Hubbard was on the Board of  Trustees for the Metal Treat-
ing Institute (1983–1986 and 1994–2002), and was MTI president 
(2000–2001). He was a Founding member of  CHTE; was on the 
Heat Treating Society Board of  Directors (1994–2000) and HTS 
president (2000–2001), and received the ASM Distinguished Life 
Member Award in 2005.

For more information, visit www.bodycote.com
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APPLIED PROCESS TM

INC 

Michigan   

Wisconsin            

China       

England      

India

Increased Capacity!

www.appliedprocess.com

As the industry-leading provider of Austempering 

services for steel and iron components, we’ve 

developed technologies known the world over for 

producing greater strength, toughness, uniformity 

and wear resistance. Contact us today and put our 

mettle to the test.

 GLOBAL
AUSTEMPERING
 LEADERSHIP IS IN 

 HAND
Applied Process Inc. puts it within reach. 

New Process Metallurgist/Laboratory 
Supervisor at Inductoheat, Inc.
Inductoheat, Inc. is pleased to announce the promotion of  Mr. Sean 
Tarpinian to the new position of  process metallurgist/laboratory 
supervisor. Mr. Tarpinian is a graduate of  Schoolcraft College where he 
earned his Associate’s Degree in Metallurgy and Welding Technology. 
He most recently earned a Bachelor of  Science in Applied Technologies 
from Eastern Michigan University. He is a native Michigander and has 
been employed at Inductoheat for two years as a process metallurgist. 

As the process metallurgist/laboratory supervisor, Mr. Tarpinian 
will supervise the lab personnel and allocate laboratory equipment as 
required to meet customer expectations. This position reports directly to 
the lab manager.

“We are pleased to have Sean in this new role. He brings a wealth 
of  technical, organizational, and leadership skills that will continue to 
improve customer satisfaction,” said Robert Madeira, vice president of  
heat treating at Inductoheat Inc.

Inductoheat, Inc. is one of  40 companies making up the Inductotherm 
Group. As a multi-technology, global organization, the Inductotherm 
Group serves the thermal processing industry by manufacturing and 
marketing a diverse range of  products and services, some of  which 
include Inductotherm induction melting systems, Inductoheat and 
Radyne induction heating equipment, Thermatool pipe and tube 
welding equipment, and Consarc vacuum melting and refining systems.

For information regarding Inductoheat, visit www.inductoheat.com.

Solar Atmospheres donates heat treating 
vacuum furnace to ASM International
Solar Atmospheres Inc., Souderton, Pa. has designed and built a lab-size, 
horizontal, internal quenching furnace that it donated to ASM Interna-
tional for its Teaching Lab. Named “The Mentor,” this $250,000 gift 
was made by Solar in commemoration of  ASM International’s 100th 
anniversary. The furnace was dedicated in an official ribbon-cutting cer-
emony at ASM headquarters in Materials Park, Ohio.
“The Mentor” has a hot zone that measures 12 in. wide by 12 in. high 
by 18 in. deep, and is capable of  operation to 2400°F. The hearth will 
accept a load of  250 lb. Featuring state-of-the-art vacuum furnace tech-
nology, this furnace will allow students to perform a wide variety of  tests 
and experiments related to vacuum heat treating, brazing, and sintering 
processes.  It will also give them a hands-on understanding of  the value 
and advantages of  vacuum over other heat treating equipment.
For more information, visit www.solaratm.com
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Ambrell, a leading manufactur-
er of  induction heating systems, 
has sold an EKOHEAT 10 
kW/100 kHz induction heating 
system to a manufacturer for a 
shrink fitting application. The 
manufacturer will use the EKO-
HEAT to preheat gears so they 
expand to enable a shaft to be 
inserted into each one. As the 
gears cool, they “shrink” back 
to size, therefore securing the 
shafts inside the gears. The 
manufacturer was using another 
induction provider but desired 
a more responsive and depend-
able partner. 

Ambrell was founded over 
25 years ago and has sold more 
than 10,000 systems into over 
50 countries. All clients are 
offered free application test-
ing—which this customer took 
advantage of—to ensure their 

system achieves their process 
objectives. 

Since 1986, Ambrell has been 
a leading manufacturer of  in-
duction heating systems. Prod-
ucts are CE certified and manu-
factured in an ISO9001:2008 
certified facility to ensure the 
highest quality equipment. With 
a focus on superior heating solu-
tions and service with a prompt 
response, prospective customers 
can leverage its Applications 
Lab to ensure systems are built 
to their heating requirements 
and then rely on superior sup-
port throughout their relation-
ship with Ambrell. Ambrell has 
installed over 10,000 systems in 
more than 50 countries and is 
an Ameritherm company. For 
more information about Am-
brell, visit www.ambrell.com or 
call 585-889-9000.

Ambrell Sells an EKOHEAT for Shrink Fitting Application

Latest Contracts, Commissioning of Seco/Warwick Europe S.A. 
This year, the Atmosphere Furnaces business segment of  
Seco/Warwick Europe S.A. commissioned a roller hearth fur-
nace processing line for the heat treatment of  ARLHE-T-700 
type bearing rings. The technological installation will operate 
at the company Harkovskij Podshipnikovyj Zavod (HARP), 
PAO. It is a member of  the Industrial Group UPEC. UPEC is 
one of  the biggest Ukrainian private-sector companies in the 
machine industry. This company manufactures components 
and mechanisms for the automotive industry and for agricul-
tural machines, railways, and metallurgy sector as well. This 
processing line is the first of  three that are being manufac-
tured at Seco/Warwick Europe S.A. At the same time, pre-ac-
ceptance tests of  the second processing line ARLHE-T were 
taking place at the customer’s site.

A wide range of  tests were carried out in the framework 
of  the acceptance tests program using Seco/Warwick’s accep-
tance expertise. The processing line met all the technological 
requirements covered by the agreement including extremely 
strict deformation (ovalization, cone) and productivity thresh-
olds.

This investment has started the complex modernization of  
heat treatment devices (hardening with tempering) for rail-
ways bearing rings business partner’s site. Between 2006 and 
2010, Seco/Warwick delivered to the forging shop depart-

ment of  PAO HARP three roller hearth aggregates type AS/P 
for bearing steel’s forgings spheroidizing annealing.

 In other Seco/Warwick news, Seco/Warwick Europe S.A. 
signed another contract for two tempering and annealing pit 
furnaces. The contract was signed with one of  the leading 
Polish coal mining companies. 

The Atmosphere Furnaces Carburizing and Nitriding busi-
ness segment team of  Seco/Warwick Europe S.A. also recently 
started a contract with a Bulgarian heat treater. The contract 
covers the manufacture of  a processing line based on the sealed 
quench CaseMaster® furnace. This equipment is designed for 
gear wheels heat treatment. The processing line consists of:

• Casemaster® furnace AFS-8ER type
• High-tempering furnace BREW-8A type
• Washing-drying machine WBSD-8 type
• Atmosphere generator 21 ET type
• Loading-unloading device TASKMASTER-8 type
• Complete instrumentation
•  Installation of  this processing line, commissioning and put-

ting the furnace into service is planned for third quarter of  
2013 at the client’s site.

For more information, visit www.secowarwick.com

updaTe
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Cut Down on Errors and Costs with CAS dataTaker Systems

Nitriding/Nitrocarburizing System for Automotive Ring Gears 

Nitrex Metal, Inc. has completed the installation of  a new nitriding/nitrocarburizing system at Korean 
heat treater Dongwoo HST Ltd. The system is used primarily for processing Hyundai ring gears and in-
cludes three Nitreg®-based nitriding technologies for a number of  steel types with process recipes for each 
product application.

Besides the ring gear business, another impetus for the recent purchase is for Dongwoo HST to meet 
the country’s growing appetite for advanced heat treatments that offer superior capabilities. Through an 
exclusive licensing deal, Dongwoo HST now offers Nitreg potential-controlled nitriding, Nitreg-C nitrocar-
burizing, Nitreg-S nitriding of  stainless steels, as well as ONC® in-process post-nitriding/nitrocarburizing 
oxidation.

The Nitrex furnace at the Dangjin site has a work zone of  39” diameter by 98” height (1000 mm x 2500 
mm) and a gross load capacity of  6600 lbs (3000 kg). Nitrex Metal currently has licensees in 16 countries.

For More information visit www.nitrex.com

Manual measurements are notoriously error-prone. Technicians 
need highly accurate data in any manufacturing process, 
especially temperature monitoring in heat treatment ovens. 
As a recent example, CAS DataLoggers has converted 
a manufacturer’s manual data collection process over to 
automation. This customer’s factory has multiple stationary heat 
treating ovens. Their previous procedures required employees 
to periodically read temperature values from several controller 
displays and manually record them using paper forms. However, 
this turned out to be an inefficient and unreliable way to 
document the ovens’ temperature profile. The manufacturer 
needed to reduce these data entry errors and cut wasted time 
while increasing measurement accuracy and quality in order to 
provide the most precise reporting to end customers.

The plant installed dataTaker DT80 Data Loggers in control 
cabinets nearby their ovens, using repeated signals from the 
existing temperature controllers as inputs. These standalone 
dataloggers now automatically record process temperature 
without the need for human intervention, which greatly increases 

measurement accuracy and frees everyone up for other important 
work. To see the current temperature, users only have to glance 
at each logger’s integrated display. All measurements are stored 
in each device’s user-defined memory (up to 10 million readings), 
and can also be saved to a memory stick via the logger’s USB 
port. It’s easy to set schedule size and mode to record only as long 
as necessary and overwrite or stop logging once each DT80’s 
memory is full. Each dataTaker also features a solid construction 
to protect it from the occasional industrial mishap or being 
dropped. 

The dataTakers are connected to the plant LAN via Ethernet 
so data transmission is performed by FTP to a local server. Using 
the included dEX graphic interface, Quality Assurance engineers 
access calculations and diagnostic information and can view the 
data in dashboards, charts and tables. Users quickly learned how 
to configure and setup in dEX to customize data collection, and 
can remotely monitor process data from anywhere Internet is 
available. Similarly, automated alarm messages notified person-
nel over FTP whenever temperatures went outside these user-
set parameters, and this also triggered the loggers to archive the 
data.

Post-installation, the dataTakers removed the need to take 
manual measurements, saving employees many hours of  walking 
around with a clipboard and taking all the data down by pen. 
Data collection, transmission and alarming are all automated so 
no one has to take time out of  their day to check temperatures, 
record the data, or report an alarm. Through standalone op-
eration, the dataTakers also continue to operate during power 
failures. While users were getting up and running with dEX, they 
called in to CAS DataLoggers for free tech support so they could 
get the hang of  setting up logging schedules and control tasks.

For more information on the Series 3 dataTaker DT80, which 
can monitor nearly any signal type and connect to a wide variety 
of  sensors, or to find the ideal solution for your application-spe-
cific needs, contact a CAS Data Logger Applications Specialist at 
(800) 956-4437 or visit the website at www.DataLoggerInc.com.
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Alcoa and RUSNANO Sign 
Memorandum of Understanding 
to Produce Aluminum Drill Pipe 
with Antiwear Coating 

Alcoa and OJSC RUSNANO will produce 
technologically advanced oil and gas aluminum 
drill pipe finished with a life-extending antiwear 
coating under a Memorandum of  Understanding 
(MOU) signed by the companies today. With the 
help of  the Alcoa Technical Center, the parties 
intend to pursue the potential application of  a 
nanotechnology-based coating for the aluminum 
drill pipe to enhance its wear resistance in harsh 
corrosive drilling environments.

Alcoa chairman and CEO Klaus Kleinfeld and 
OJSC RUSNANO Chief  Executive Officer 
Anatoly Chubais signed the MOU at the St. Pe-
tersburg International Economic Forum.

“Complex oil and gas development projects 
require drilling equipment with enhanced capa-
bilities,” Chubais said. “Aluminum drill pipe with 
antiwear nano-coating would enable directional 
and deep drilling in aggressive, corrosive envi-
ronments. We expect our joint efforts with Alcoa 
will create a differentiated product for customers 
in the oil and gas industry.”

Mr. Kleinfeld added, “Alcoa’s deep techno-
logical capabilities, combined with the expertise 
of  our partner RUSNANO, will open new op-
portunities for developing the aluminum indus-
try in Russia. Alcoa is setting a high standard for 
innovation and extending our product range in 
the oil and gas segment.”

With facilities in Samara and Belaya Kalitva, 
Alcoa is Russia’s largest producer of  fabricated 
aluminum, manufacturing a wide range of  flat 
rolled products, forgings and extrusions for a va-
riety of  end markets including aerospace and au-
tomotive. Under terms of  the MOU, Alcoa will 
leverage its Samara facility to produce aluminum 
drill pipe with hot fit tool joints for the country’s 
oil and gas market. RUSNANO Capital, a sub-
sidiary of  OJSC RUSNANO, will contribute 
capital.

The antiwear nano-coating is expected to ex-
tend the life of  the aluminum pipe by approxi-
mately 30% to 40% in aggressive and corrosive 
drilling environments compared to uncoated alu-
minum pipe.

In addition to inventing the modern-day 
aluminum industry, Alcoa innovation has been 
behind major milestones in the aerospace, au-
tomotive, packaging, building and construc-
tion, commercial transportation, consumer 

electronics, and industrial markets over the 
past 125 years. RUSNANO was founded in 
March 2011 as an open joint stock company 
through reorganization of  state corporation 
Russian Corporation of  Nanotechnologies. 
RUSNANO’s mission is to develop the Russian 

nanotechnology industry through co-investment 
in nanotechnology projects with substantial eco-
nomic potential or social benefit. 

For more information on RUSNANO, visit 
en.rusnano.com. For more information on Al-
coa, visit www.alcoa.com
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Miba Sinter Investing $7 Million to Expand Auto Parts Plant in Ohio
Miba Sinter USA LLC, McConnelsville, Ohio, has invested $7 million to double the size of  its sintering plant by February 2014. A 
division of  the Miba Group, Miba Sinter offers upper end, highly technical, sintered solutions for the automotive industry. It produces 
complex parts by means of  its sophisticated iron powder sintering process. Sinter produces parts for Ford, General Motors, Chrysler, 
and Volkswagen, among others. 

“We will be hiring another 30 people within the next six months, and will create about 100 jobs within three years,” said Steve Krise, 
site manager of  Miba Sinter Group in McConnelsville. Built only three years ago, the plant has been rapidly expanding, and now has 
about $30 million in investments and equipment.

The Miba Group is a leading technology company headquartered in Austria, and recently reported fiscal year-end sales up 2.4% 
over last year, with actual earnings up 4.2%.  The company has about 20 sites around the world and has about 4300 employees.

For more information, visit www.miba.com.
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550ºF Floor-Level Cabinet Oven From Grieve

No. 1030 is a 550ºF floor-level electric cabinet oven from Grieve, currently used for heating large gears at the customer’s facility. 
Workspace dimensions of  this oven measure 48” W x 48” D x 60” H. 40 KW are installed in Incoloy-sheathed tubular elements to 
heat the oven chamber, while a 2000 CFM, 2-HP recirculating blower provides horizontal airflow across the workload. 

This Grieve cabinet oven features 6” insulated walls, aluminized steel exterior, and interior, plus five levels of  dual-lane roller 
conveyor rated at 300 lbs. per level.

Controls onboard No. 1030 include a digital indicating temperature controller, manual reset excess temperature controller with 
separate control contactors, and a recirculating blower airflow safety switch. 

For more information, visit. www.grievecorp.com.
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Praxair Inc. has started up a second nitrogen plant at its facility in Kirtland, N.M., to support growing nitrogen demand in the San Juan ba-
sin, which includes southwestern Colorado and northwestern New Mexico. The new plant, along with an additional liquefier expansion to 
be completed later this year, will increase total capacity 
at the site to 300 tons per day of  liquid nitrogen. This 
is in addition to gaseous nitrogen that is being supplied 
to local pipeline customers under long-term contracts.

 Demand for nitrogen continues to grow as local oil 
and gas operators develop new oil resources in the area. 
Nitrogen is an inert gas that can effectively replace water 
that is typically used in hydraulic fracturing.

 “Praxair’s new plant will strengthen our supply 
position in the San Juan basin and help us meet the 
increasing pipeline and liquid nitrogen demand from 
customers in this geography,” said Gerald Miller, vice 
president of  the West Region for Praxair’s U.S. indus-
trial gases business.

For more information, visit www.praxair.com.

Ipsen to Present Papers and Showcase New 
Technologies at ASM Heat Treat 2013
Ipsen USA will present two papers at 
the 27th ASM Heat Treating Society 
Conference and Exposition,  “Redefin-
ing Quenching Technology” and “Bright 
Tempering: Achieving High-Quality Ap-

pearance during Tempering.” The Ipsen 
booth (#1529) will feature several tech-
nologies covering the range of  Ipsen’s pre-
mium vacuum and atmosphere product 
lines. Additionally, furnaces well-suited 

for low-pressure carburizing, such as the 
Turbo2Treater, will also be represented. 
These furnaces include, but are not lim-
ited to, the AvaC process for vacuum car-
burizing with acetylene, ideal for incorpo-
ration into the TurboTreater and vacuum 
oil or gas quench furnaces; and ATLAS 
integral-quench atmosphere furnace.

 Not only will visitors get the chance to 
pick the brains of  Ipsen’s knowledgeable ex-
perts, but also they will get the chance to prove 
their engineering know-how by constructing 
the most aerodynamic paper airplane for a 
chance at the grand prize.

 “The ASM Heat Treat/Gear Expo 2013 
show will be a great experience for those who 
visit our booth. They will have the chance to 
interact with Ipsen in a fun way, and maybe 
even win some prizes, while learning about 
our specific offerings in equipment, controls 
and service, as well as our new product de-
velopments and our global support network,” 
says Geoffrey Somary, President and CEO 
at Ipsen. “We will be featuring some exciting 
new technologies for gear manufacturers and 
we will have experts available to offer in depth 
information on those new technologies and 
product offerings.”

For more information, visit www.ipsenusa.com.

Praxair to Increase Capacity at its Kirtland Plant to 300 Tons per Day of 
Liquid Nitrogen
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Solar Manufacturing Redesigns and Rebuilds Abar/Ipsen VFC 72”x72” Vertical Vacuum Furnace
Recently, an Abar/Ipsen vertical bottom-loading vacuum furnace, located in NE Ohio, suffered major damage due to a quench fan 

failure. One of  the fan blades dislodged during a cooling operation and pierced the water-cooled heat exchanger that surrounds the fan 
wheel assembly. This resulted in the entire vacuum chamber filling with water. The 72” x 72” hot zone was removed and sent to Solar 
Manufacturing for redesign and rebuilding.

The top hot zone sliding bung, which caused some of  the problem, was replaced with an internal fixed baffle made of  graphite board 
and felt insulation. The low carbon steel fan wheel, which had caused the damage, was replaced with a 304 SS fan wheel that was vacuum 
stress relieved and balanced with a 75 HP motor armature. The entire original internals, consisting of  combinations of  graphite tube 
heaters, ceramics, molybdenum hot face, and Kaowool insulation were replaced with nine low-mass, segmented, circular, graphite ele-
ment bands and an insulation pack consisting of  multiple layers of  graphite felt with a graphite foil hot face. In addition, a variable 
frequency drive (VFD) was incorporated on the quenching fan motor to allow for constant -5” Hg argon quenching pressure, providing 
a much-improved cooling rate.

The rebuilt hot zone was returned to the customer’s plant and reinstalled into the furnace chamber. Solar Manufacturing service en-
gineers were on-site after installation to start-up the furnace and demonstrate that the new hot zone met all applicable tests including 
vacuum, AMS 2750E temperature uniformity survey, and GE heating and cooling rates for stator components. This entire project, from 
order placement to final acceptance, was completed within three months.

Solar Manufacturing designs and manufactures all types of  vacuum heat treating and brazing furnaces and offers replacement hot zone 
and spare parts for various vacuum furnace brands. To learn more about Solar Manufacturing’s diverse line of  vacuum furnaces and relat-
ed services, contact Pete Reh, VP of  Sales, at 267-384-5040 x1509 or pkr@solarmfg.com. Visit www.solarmfg.com for more information.
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Alfe Helps Design and Heat-Treat Chassis 
and Suspension for Solar-Powered Car
Alfe Heat Treating, sponsor of  the University of  Texas Austin’s So-
lar Power Team, helped design and build the TexSun, a vehicle 
with an aluminum sub-frame and chassis. The 35-pound design is 
much lighter than the previous model’s 80-pound steel sub-frame 
and chassis. “The aluminum chassis was great because it is so much 
lighter,” said Alfe Vice President Dan Andersen. “However, for it 
to be strong enough it had to be heat treated, so we had to create 
a special fixture to ensure the frame remained dimensionally intact 
and not warp into a tangled mess.”

 The new design debuted at the Formula Sun Grand Prix, FSGP, 
held June 24 through June 29, 2013 in Austin, Texas. The annual 
collegiate solar car track event is held by FSGP and the Innovators 
Educational Foundation, and was created to develop and showcase 
solar-powered automobile technology. College teams design and 
build a solar-powered vehicle and then compete in a three-day en-
durance event.

 Teams have limited charge times each day, so energy manage-
ment is critical as the winner is the vehicle with the most laps com-
pleted at the end of  three days. The UT Austin car had a total 
of  121 laps completed and a fastest lap of  5:02.661. The overall 
winner was Oregon State with a total of  193 laps completed. Iowa 
State’s Cory Anderson had the fastest lap at 4:42.289.

Now that the vehicle has been tested in an actual event, modi-
fications will continue and it will be run in future races. For more 
information, visit www.al-fe.com.

Wisconsin Oven opens 30,000 
Square Foot Facility in 
Waukesha
Wisconsin Oven Corp. has opened another plant in 
Waukesh, Wis.  The 30,000-square-foot  existing 
facility will increase the capacity of  the industrial 
oven manufacturer’s existing four plants in East 
Troy. The expansion will help Wisconsin Oven 
continue to design and manufacture a broad line 
of  heating equipment . The company’s standard or 
custom industrial ovens are used for a multitude of  
applications, such as heat treating. However, it also 
supplies some niche markets that have continued 
to grow, including the composites industry. 

In April 2012, the company joined PLC Hold-
ing, which is comprised of  Elmetherm, Elino, 
Wistra, and Mecarom Dotcom Ltd.  The sale has 
given Wisconsin Oven the opportunity to free up 
some of  the debt the company inherited and rein-
vest in the business.

For more information, visit www.wisoven.com.
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ThyssenKrupp Aerospace 
Announces New Contract with 
Cessna
ThyssenKrupp Aerospace North America announceD 

that it has entered into a three-year contract extension 

with Cessna Aircraft Company to remain its service 

provider for aluminum sheet products and related 

supply chain services. The company will service 

Cessna’s facilities in Wichita, Kansas, as well as 

Cessna’s key subcontractors throughout the North 

American region.

ThyssenKrupp is a diversified technology and 

materials group based in Essen, Germany. It has 

150,000 employees in over 80 countries developing 

ideas and innovations into solutions for sustainable 

progress. In fiscal year 2011/2012 ThyssenKrupp 

generated sales of  $64 billion.

ThyssenKrupp Aerospace supplies material and 

supply chain management services to the world’s 

leading aerospace companies and their supply chains. 

The multinational company operates from numerous 

locations throughout the Americas, Europe, Asia 

Pacific, and North Africa.

For more information, visit www.thyssenkrupp.com.

Flexible Induction Heating Coil 
Designed for Large Unusual Shapes
Ambrell, an Ameritherm Company, has released the 

flexible, 25 ft EasyCoil. It can be used with Ambrell Ekoheat 

induction heating systems—up to the 250 kW model—and 

is designed for large, oddly shaped parts that cannot be 

heated with a traditional copper coil. The EasyCoil is ideal 

for slow and bulk heating applications such as preheating, 

annealing, stress relieving, die heating, and much more. 

It has a glass fiber sleeve and is most popular for lower 

temperature applications, but it can be used for through-

Curie applications with ceramic insulation.  When heating 

larger parts, up to five EasyCoils can be used in series.

Steel can be heated up to 1500ºF with this coil, and the 

power supply can deliver full power. An Ekoheat of  up 

to 250 kW can be used within a frequency range of  5 to 

45 kHz.

“The EasyCoil helps a wide range of  applications 

benefit from induction heating’s many benefits,” said Tom 

Dickerson, Director of  Sales. “It is a versatile coil that can 

be used for a wide array of  heating projects, and it doesn’t 

have the limitations that a copper coil can have when it 

comes to heating large, oddly shaped parts.”

For more information, visit www.ameritherm.com.

FEI Introduces Three Transmission Electron Microscopy Systems for Semiconductors 
and Materials
FEI Co. has launched the new Metrios TEM (transmission electron microscope) for advanced semiconductor manufacturing metrology; 

the Talos TEM that provides high-speed imaging and analysis for materials science; and the Titan Themis TEM for enhanced atomic-

scale measurements of  material properties. The Metrios system is the first TEM dedicated to providing the fast, precise measurements 

that semiconductor manufacturers need to develop and control their wafer fabrication processes.

 The Metrios system is the first TEM dedicated to providing the fast, precise measurements that semiconductor manufacturers need to 

develop and control their wafer fabrication processes. Extensive automation of  the basic TEM operation and measurement procedures 

minimizes requirements for specialized operator training. Its advanced automated metrology routines deliver greater precision than man-

ual methods. The Metrios TEM is designed to provide customers with improved throughput and lower cost-per-sample than other TEMs.

 The Talos TEM combines high-resolution, high-throughput TEM imaging with fast, precise, and quantitative energy dispersive x-ray 

(EDX) analysis.  The new TEM is available with FEI’s highest brightness electron source and latest EDX detector technology to provide 

high-efficiency detection of  low concentration and light elements, along with FEI’s exclusive 3D EDS tomography. Excellent performance 

at lower accelerating voltages permits the use of  lower beam energies to reduce sample damage on delicate materials.

 The Talos platform is completely digital, allowing for remote operation, and it also enables the addition of  application-specific detec-

tors or sample holders for dynamic experiments. With enhanced automation and ease-of-use, the Talos is especially well-suited for the 

individual investigator as well as multi-user laboratory environments.

For more information, visit www.fei.com.
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Kobe Steel Develops New Forging Method for Built-Up Crankshafts Used in Ship Engines
Kobe Steel, Ltd. has developed a new die-forging method to manufacture built-up type crankshafts for diesel engines in ships. The new die 
forging method offers considerable improvements in design fatigue strength in comparison to the conventional “bending forging” method. 
Using the new method, Kobe Steel can make near-net-shape forgings for crank throws.

Due to requests to improve fuel consumption stemming from stricter environmental regulations and the high price of  ship fuel, the 
need for “eco-ships” is rising. Two important points in the development of  eco-ships are ship development to reduce drag on the hull and 
engine development to improve fuel consumption and lower exhaust gas emissions.

In engine development, ships are using larger propellers that rotate at slower speeds, driving the need for low-rpm propellers with high 
output. To meet this trend, long-stroke engines are growing in popularity. When long-stroke engines are used, the crank throws are longer 
and heavier than conventional ones, leading to higher load stress on the crankshaft and higher bearing loads.

Kobe Steel has recently developed a new die-forging method using its experience as an integrated crankshaft manufacturer covering all 
processes of  steelmaking, forging, machining and inspection. Incorporating the new forging method and techniques of  clean steelmaking, 
Kobe Steel has successfully increased the fatigue strength of  the crankshaft material by 20 percent, compared with conventional forging. 
As a result, long-stroke crank throws of  higher reliability and lighter weight can now be commercially mass produced.

Along with the development of  the new die-forging method, Kobe Steel developed automatic ultrasonic inspection technology and 
numerical inspection technology that digitally evaluates the part where the crankshaft touches the bearing. These technologies provide 
substantial improvement on the reliability of  the crankshafts, which face higher load stress and bearing loads when used with long-stroke 
engines.

In addition to the new die-forging method, Kobe Steel conducts research and development of  advanced materials for marine parts. 
Responding to customer needs, Kobe Steel is contributing to the advancement of  the shipping and shipbuilding industries.

For more information, visit kobelco.co.jp

Thermal Spray Equipment Based on 
Advances in Data Acquisition, Remote 
Diagnostics
TAFA Inc., a Praxair Surface Technologies Co. has developed and 
improved equipment for coating performance and repeatability, 
as reported in “Equipment Advances for Advanced Coatings,” a 
presentation at the thermal spray conference. Advanced features 
such as recipe storage, data acquisition, and remote diagnostics are 
playing larger and more important roles in process development 
and control. In order to achieve repeatable coating characteristics, 
equipment designs have to provide consistent treatment of  feedstock 
materials as well as having to be robust and user friendly.

This presentation will cover advancements in thermal spray 
equipment that improves coating reliability and repeatability. 
Control systems and gun designs influence coating performance 
in a broad range of  applications, from simple part restoration to 
sophisticated high-temperature thermal barrier coatings. The 
interaction of  control systems hardware and software play important 
roles in controlling advanced and sophisticated thermal spray guns.

The paper will be presented at the Reliability, Durability, and 
Performance Assessment of  Thermal Spray Coatings Conference by 
Richard J. Thorpe, standard products manager, TAFA Incorporated, 
a Praxair Surface Technologies company. The conference will be 
held October 8-9 at the GE Global Research Center, Niskayuna, 
New York.

For more information, visit www.asminternational.org and search 
the events page.

Lake City Heat Treating 
Specializes In Vacuum Heat 
Treating Of Stainless Steels 
and Cobalt Alloys
Lake City Heat Treating introduces new 
literature featuring its hot isostatic press-
ing and vacuum heat treating services. The 
company  specializes in vacuum heat treat-
ing of  stainless steels, cobalt and nickel 
alloys, and vacuum heat treatable steels. 
Cryogenic, hot isostatic pressing, and tem-
pering services also offered. The literature 
includes photos of  the company’s equip-
ment and descriptions of  its capabilities 
and services, as well as contact informa-
tion.

LCHT offers the heat treating capabili-
ties and capacities to meet customers’ ex-
act requirements and specifications in the 
medical equipment, aviation and other in-
dustries.  LCHT is accredited by the Na-
tional Aerospace and Defense Contractors 
Accreditation Program and is also a Boe-
ing approved supplier.  

For more information, visit www.lakec-
ityheattreating.com
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QualiTy CounTS

   FUrnACe ATMoSPHERES  
                Are CRITICAl To
    MeeTing SPECIFICATIoNS by Jim Oakes

THE MAKEUP oF A FURNACE’S ATMoSPHERE in the heat 
treating process varies depending upon the application. Sensor 
technology allows for the in-situ monitoring of  furnace atmospheres, 
but many assumptions are made relative to how carbon potential is 
calculated based on the prepared atmosphere being used.

ENDoTHERMIC ATMoSPHERE
Typical endothermic gas generators supply an atmosphere using 
air and hydrocarbon gas, which are mixed and passed over nickel 
bearing catalyst at about 1900° F. Using methane (CH4) mixed at 
an air-to-gas ratio of  2.77:1, a properly functioning generator will 
in theory produce an endothermic gas consisting of  20% carbon 
monoxide (CO), 40% hydrogen (H2), and 40% nitrogen (N2). Using 
propane (C3H8) in lieu of  CH4 and an air-to-gas ratio of  7.16:1, the 
resulting endothermic gas composition will be approximately 24% 
CO, 32% H2 and 44% N2. The gas is then cooled to maintain the 
integrity of  the gas composition. Correct cooling of  the gas is critical 
to avoiding carbon monoxide from reversing into carbon (soot) and 
CO2. This is the base atmosphere used in the carburizing process. A 
few assumptions must be made when determining carbon potential 
in the furnace with a supply of  endothermic gas. Measuring this 
atmosphere can be accomplished in a number of  ways; the focus 
of  this article is the use of  oxygen sensors, dew point, and infrared 
measurement.

NITRoGEN METHANol
When used in a furnace at the typical operating temperatures, 
the methanol immediately dissociates into carbon monoxide and 
hydrogen. When mixed, 33% methanol (CH3OH), 66% nitrogen, 
and endothermic equivalent atmosphere are formed in the furnace. 
Using sensors and the base atmosphere in the furnace under 
equilibrium conditions, these assumptions must be consistent, known, 
and repeatable.

To determine the amount of  methanol and nitrogen required, the 
Total Required Flow (TRF) of  gas, which is usually posted on the 

furnace nameplate, is divided by 1.60. The resulting value is then 
multiplied by 0.33 to determine the amount of  methanol required in 
standard cubic feet per hour (SCFH). That same value is multiplied 
by 0.66 to determine the nitrogen required in SCFH.

FURNACE ATMoSPHERE
Dew point, shim stock, NDIR (non-dispersive infrared) 
analyzers, and carbon sensors have traditionally been used to 
measure the endothermic atmosphere in a furnace. The carbon 
sensor is actually measuring the oxygen content in the furnace, 
which is why the terms oxygen probe and carbon probe are 
often used interchangeably. An oxygen probe used in-situ for a 
furnace application has been the standard of  the industry for 
years. Because of  its durability, reaction time, and continuous 
measurement, it is the most common form of  measurement. 
The calculation of  carbon using the oxygen probe includes the 
millivolts produced by the probe based on the partial pressure of  
oxygen in air versus partial pressure of  oxygen in the furnace, the 
furnace temperature, and a calculation factor referred to as COF 
(CO Factor), PF (Process Factor), or Gas Factor. The COF takes 
into consideration the furnace atmosphere, alloy, probe readings, 
and so forth. The purpose of  the COF is to restore a repeatable 
measurement of  carbon that is verified using an alternate method. 
In many situations, the COF is primarily factoring in the CO 
composition of  the base prepared atmosphere produced by the 
endothermic generator or nitrogen methanol system. A higher 
CO content of  the prepared atmosphere results in a higher COF. 
Again, the reference point for the carbon potential is typically 
done using shim stock, NDIR, and dew point.

An NDIR three-gas analyzer can be used to measure the 
atmosphere in a furnace or generator by first extracting a sample 
of  the gas atmosphere. The consistency of  the endothermic gas 
produced at the generator significantly affects all downstream 
processes. In order for the atmosphere to be controlled consistently 
and accurately in the furnace using an in-situ sensor, an assumption 

ABoUT THE AUTHoR: Jim oakes is vice president of business development for SSi SuperSystems, where he oversees marketing and growth in multiple 
business channels and helps develop product innovation strategies in conjunction with customer feedback. Jim has extensive experience working in the heat 
treating and software/iT industries. For more information, email him atjoakes@supersystems.com or go to www.supersystems.com.
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regarding the content of  the endothermic gas must be made. For 
endothermic gas, values should be between 18.8% and 20.5% 
for CO. The CO2 should be between 0.25% and 0.50%, with a 
preferred value of  0.40%. If  the methane (CH4) content is 0.50% 
or less, the generator is performing correctly. If  the CH4 is above 
0.50%, there may be a problem. It is advisable to burnout the 
generator as quickly as the facility can take the generator offline. 
If, after burnout, the CH4 climbs back above 0.50% within a week 
or two, replace the catalyst. If  the catalyst is depleted, uncracked 
CH4 from 0.50% to 8.00% will be present.

An NDIR gas analysis can also calculate carbon using the values 
of  CH4, CO2, and CO from the furnace atmosphere. Using this gas 
analyzer, a suggested setting for the COF can be used so that the 
oxygen sensor is accurately calculating carbon potential. The Super 
Systems website has a calculator that can be used to determine 
different settings for both NDIR gas analysis and oxygen/carbon 
sensors. This calculator, called SuperCALC, is available at www.
supersystems.com/calculators.html. A smartphone/tablet app is 
also available. To find it, simply search for the SuperCALC app 
on your Android or Apple smartphone or tablet.  

A few assumptions must be made when determining carbon potential in the furnace 

with a supply of endothermic gas. Measuring this atmosphere can be accomplished in 

a number of ways; the focus of this article is the use of oxygen sensors, dew point, and 

infrared measurement.
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meTal urgenCy

HARDNESS TESTING IS A SIMPlE and 
universally accepted practice for checking 
induction hardened parts and is performed in 
literally thousands of  manufacturing facilities. 
There are trained metallurgical professionals 
who have spent years studying and training in 
this art. However, these days many new users 
are given only the basics during a quick-show-
and-tell; this article is intended for these up- 
-and-coming heat treaters or quality engineers.

Many different factors affect the results 
of  a hardness check for induction hardened 
parts. In the author’s experience, many times 
incorrect misleading readings are the result of  
poor testing practices that violate basic rules. 
In many cases, good parts are discarded or 
scrapped; they meet the hardness requirement 
but have been poorly prepared or tested. By 
following these few simple rules, accurate 
hardness readings can be obtained:

1.  Always use a hardness tester that has been 
serviced and has a calibration sticker from 
an approved outside vendor. 

2.  Daily use a test block to verify hardness 
readings. Never use a test block on both 
sides. It is intended to be used on one side 
only, and diamond marks on the bottom 
side facing the anvil will cause incorrect 
readings.

3.  Weekly, remove and inspect the diamond 
or ball and be sure it appears well seated. 
Make sure no chips are present. Chipped 
diamonds tend to read high; flattened 
balls tend to read low. An inexpensive 10X 
jeweler’s eye loupe works best.

4.  Disregard the first reading, even if  it 
is good, as the indenter and anvil are 
seating themselves. This also applies when 
changing an indenter, anvil, test block, or 
work piece. Wipe the anvil areas with a 
clean cloth when changing. (Fig. 1)

5.  Take three to five tests on a block in the 
hardness range to be used. The average 
result must fall within the ASTM E18 
verification chart.

6.  When changing an anvil or indenter, place 
one finger over the tip of  the indenter to 
prevent accidental bumping. Get into this 
habit and you will prolong the life of  the 
diamond indenter. (Fig. 2)

7.  Never check hardness closer than three 
indentions widths from each other. The 
test actually causes a work hardening on 
the adjacent surface close to the original 
indentation.

8.  Place indentations no closer than three 
diamond mark diameters from the edge of  
a work piece-any closer, and your readings 
will be low. (Fig. 3)

9.  Consult ASTM E18, which shows 
minimum induction case depths that are 
needed to hold and give a correct reading. 
On the HRC scale, an example of  a shallow 
case depth of  .030” minimum is needed to 
hold a 60 HRC reading. Any shallower case 
depth will yield a soft reading. Change the 
scale to A or N for shallow case readings.

10.  During testing, the work piece must not move 
under load. Proper fixturing and or clamping 
must be used to ensure rock solid support. Any 
motion whatsoever will cause low readings. 
Any motion of  the work piece, no matter how 
tiny, will yield an incorrect reading.

11.  The work piece must have scale, dirt, 
and oxidation removed before testing. 

   TeSTing oF INDUCTIoN
HARDENED Work PieCeS by Fred R. Specht

ABoUT THE AUTHoR: Fred r. Specht has over 40 years of experience in all aspects of induction heating and melting, and is a specialist in induction heat 
treating pattern development. A seminar speaker on induction heat-treating at many ASM Heat Treating Conferences, he is presently the chairman of ASM -HTS 
Applied energy Committee. He can be reached at (847) 606-9462 or fspecht@ajaxtocco.com. 
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Fig. 1:  Anvil seating areas (A) and indenter seating 
areas (B) should be wiped clean when changed.

Fig. 2:  Protect the indenter tip, as shown here, when 
removing and replacing anvils. 



Scale and oxidation is like a dead skin and 
will cause a lower reading. Sand paper, 
Scotch Bright, or a sanding stone must be 
used to remove the scale/oxidation before 
a surface test can be attempted. Be sure and 
wipe off  the sand, as the surface to be tested 
must be clean. Attempting to take hardness 
readings through metallic scale will usually 
yield softer, than actual hardness, readings.

12.  A smooth surface on both sides is required 
to get accurate readings. Workpieces with 
tooling and chatter marks will yield incorrect 
readings (Fig. 3 Show a poorly prepared 
surface).

13.  When checking cylindrical parts, do not 
face a previous diamond mark downward 
toward the anvil, as the mark will cause a 
microscopic movement and a resultant low 
reading. Add cylindrical correction factors if  
necessary.  
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Fig. 3:  Hardness test placed too close to edge of work piece. Poor surface preparation shows too rough of 
surface, yields low reading. 

HEAT TREATING 
ON A WHOLE NEW 
SCALE.
Our vacuum carburizing process is an excellent choice when 
uniformity, surface integrity and distortion control are mission critical.
Stack Metallurgical has the world’s largest vacuum carburizing, 
oil-quench furnace to offer the size and processes that meet the 
diverse demands of the gear manufacturing industry.

www.stackmet.com

Portland, OR 503.285.7703 ©2013 Stack Metallurgical, Inc. 

To learn more, visit:

Seco-Warwick 2-Chamber Vacuum Furnace
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by Jack Titus

IN CARBURIzING, gears must be heated to 
reach the appropriate temperature for the steel 
grade without causing excessive grain growth 
and distortion in a reasonable time; large loads 
take longer, small loads less time. Once at 
temperature, carbon must be introduced in a 
form and method that uniformly produces the 
required case depth and surface carbon, but 
not too high or too low. Finally, all gears in the 
entire load must be rapidly cooled, quenched 
to be specific; and, as explained in my Gear 
Solutions Hot Seat column, cooled in a manner 
that produces the hardness and strength for the 
material. Now for the rest of the story: 

Driving to the office recently I listened to 
a very interesting but short radio interview of 
an automotive expert explaining what’s being 
developed for cars of the future, near and far. 
One of the challenging tasks he alluded to was 
the upcoming 54.5 MPG 2025 CAFE standards 
and the various solutions car companies are 
employing to meet it. Contained within his 
description was the disappointing issue of 
the driving public’s shunning of EV systems 
offered today, either all electric or hybrids. 
The phenomenon—like it or not—is what’s 
driving the rapid development of an advanced 
internal combustion [gasoline, natural gas or 
diesel] engine and associated double-digit speed 
transmissions. This development combined 
with the ever-increasing number of automobile 
models large and small is also changing the heat 
treating landscape and the need for a diverse 
“hardening” process based on the most cost 
effective solution for a particular application. 

Automobile weight is the biggest obstacle 
to improving fuel mileage, and carmakers are 
researching all manner of nonferrous materials 

including composites, more use for aluminum 
and high strength plastics. Remember a few 
columns ago; much of the horsepower is 
consumed in moving the car from a standing start. 
Even subcompact cars with commensurately 
smaller gasoline or diesel engines consume more 
fuel during the launch. It’s no surprise then that 
for the car companies the easiest way to meet 
the 2025 standards is to produce smaller cars. 
And to satisfy the demand for these (smaller 
hopefully also means less expensive) many more 
models will likely be in demand, with more 
technology to make us think we’re getting more 
“bang for the buck.” Thus smaller and lighter 
vehicle transmissions won’t require the same 
load demand on gears, even the low speed gears 
as the larger vehicles, so shallower case depths 
will suffice. That means shorter carburizing 
times. But distortion controlled quenching will 
still be important, maybe even more so because 
the gears themselves will have less mass—thus 
possibly more machining; and thinner cross 
sections means more difficult distortion control. 
Thinner gears, less material between the OD and 
ID require better support especially as higher 
carburizing temperatures find acceptance; 
residual stress may become a bigger issue.

Carburizing to many may seem to garner the 
headlines all too often, but that’s because it has 
such a profound positive influence on the wear 
performance of steel and can be achieved at very 
low cost per gear. 

Obviously, nitriding can contribute to 
improving the wear resistance of steel and will 
be required especially where distortion is most 
critical and sufficient quantities of gears can be 
processed economically. But not for the higher 
load situations, such as pickups and over-the-

road haulers, due to the long processing times, 
and then there’s the material cost. FNC may 
seem to be a contender to replace carburizing 
and nitriding for that matter because of its 
shortened process time. However, FNC isn’t 
without its issues either, namely hard turning or 
grinding of harder gears. Gas nitriding because 
of the deeper case depth relies on a tempered 
hardness of 27 to 30 HRC—very easy to final 
machine with conventional tools.

Nitriding, gas or plasma takes place between 
950°F [510°C] and 1025°F [552°C], where 
FNC requires temperatures about 1070°F 
[577°C] or higher. 

At 1070°F [577°C] even for FNC’s short 
processing time of three to five hours can 
substantially reduce the hardness of the steel. 
FNC because it’s not intended to develop 
anything resembling a hardened case relies 
on the base material’s higher hardness to 
support the epsilon white layer. And to resist 
the driveline loads that carburized gears can 
easily withstand, a core hardness of at least 50 
HRC will be required. As you may recall from 
previous columns an effective case depth [ECD] 
is the gold standard for strength in a carburized 
case. So FNC can require a higher-grade alloy 
steel thus more costly to maintain the 50 HRC 
hardness at the higher temperature. But perhaps 
as the transmissions become smaller and lighter 
the quantity of material per gear will be less, off-
setting the higher material cost.

So what are transmission, gear designers 
and heat treaters to do to keep costs down yet 
excel at offering minimal distortion? And while 
increasing temperature can reduce carburizing 
time, heating large loads of gears can shield 
gears from radiation making uniform heating 

     CARBURIzING’S inFlUenCe 
                   on THe WEAR 
PERFoRMANCE oF STeel

ABoUT THE AUTHoR: Jack Titus  can be reached at (248) 668-4040 or jtitus@afc-holcroft.com. go online to [www.afc-holcroft.com] or [www.ald-holcroft.com].



difficult and possibly add to distortion woes. 
So another “Holy Grail” of heat treating is 
processing one part at a time so each is subjected 

to an ideal thermal environment with uniform 
stress distribution; quenching and distortion 
control especially benefit. The answer I believe 
will be the adaptation of heretofore competing 
technologies like single part heating, endo 
carburizing for excellent surface carbon control 
and quenching gears one at a time. Heating and 
quenching gears one at a time is not a novel idea, 
it’s being done now but not in combination with 
carburizing. The 64 thousand dollar question 
is how to pull this off economically and offer 
flexibility.

One answer (although falling short of my 
ideal one-at-time philosophy) is provided by 
our sister company ALD-Holcroft by way of 
their SyncroTherm.® This unique vacuum and 
LPC system creates a more ideal heating and 
quenching environment by loading gears in 
one layer, thereby exposing the gears’ surface 
area to uniform radiation of upper and lower 
heating elements. In addition, by utilizing very 

thin low-mass carbon-carbon trays the overall 
mass quenched in six to 10 bar nitrogen is 
minimized. Figure 1 is a photograph of a 
typical SyncroTherm load arrangement. 

Carburizing increases the wear and strength 
of a gear’s two critical stress regions, the PD 
and 60 degree angle from the root and will 
require very uniform quenching and very fast 
heat removal from the root to avoid bainite 
or at the very least reduce the quantity to 
manageable levels. When one witnesses 
through a viewport the high pressure gas 
quenching of stacked helical bevel gears such 
as automotive ring gears the problem becomes 
very apparent. As cooling starts, the tip of 
the teeth turn black first, as expected, and as 
cooling progresses to the PD, then the root, 
with the body of the gear taking much longer. 
The uniformity of cooling depends on the load 
density and shadowing—how closely the gears 
are located to each other.  

Figure 1:  SyncroTherm® load arrangement.
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Thermodynamic and Diffusion Simulation Software for Heat Treatment

www.thermocalc.com
Thermo-Calc Software AB
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Diffusion controlled phase transformations 
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site safety

            iS yoUr SHoP  
 READy For A  FIRE?by Marty Keylon

WE lIVE AND WoRK ARoUND FIRE All DAy. It’s pretty much 
taken for granted. We cook with it, and use it to heat our homes and 
the water we bathe with. It’s inside the engine of  your car to ignite the 
gasoline for internal combustion. We use it to heat up the furnaces in 
a heat treating shop. It’s a major tool used to make a part harder to 
withstand the rigors of  stress caused by the mesh of  transmission gears, 
jet engine components, airplane landing gear, or making a simple 
master lock harder. Simply put: It transforms metals to meet customers’ 
requirement. We also use it to stress relieve and soften materials. Along 
with heating the material, in some processes quench oil is used to rapidly 
cool the parts. You have a controlled open fire. Hopefully it stays safely 
contained, but sometimes it gets away from the containment, and then 
you have a major problem! 

Do yoU HAVE A FIRE SAFETy CREW? 
Each shift should have at least two people trained in the use of  your fire 
fighting tools. Most facilities have either a wall-mounted fire hose or large 
push-cart type fire extinguishers (or the smaller wall-mounted ones). Your 
crew should be trained on its use and well aware of  the location of  your 
equipment. 

Do yoU KNoW HoW To  
oPERATE THE EQUIPMENT?
Remember the word PASS:
–  Pull the pin. Hold the extinguisher with the nozzle pointing away from 

you, and release the locking mechanism.
–  Aim low. Point the extinguisher at the base of  the fire.
–  Squeeze the lever slowly and evenly.
–  Sweep the nozzle from side-to-side.

IS yoUR EQUIPMENT UP To DATE AND  
IN GooD WoRKING oRDER? 
You would hate to have a visit from your local fire department “as they do 
every year” and the tags on your equipment be expired. 

There are different types of  extinguishers:
–  Dry powder 
–  CO2 
–  Foam
–  Water 

There are also different classifications:
–  Class A extinguishers are used on fires involving ordinary combustibles, 

such as wood, cloth, and paper. 
–  Class B extinguishers are used on fires involving liquids, greases, and gases. 
–  Class C extinguishers are used on fires involving energized electrical 

equipment. 
–  Class D extinguishers are used on fires involving metals such as magnesium, 

titanium, zirconium, sodium, and potassium. 

Most shops should have extinguishers rated for A/B/C. We had a large 
quench oil fire and the fire department knew that water was not advisable—I 
had invited the fire department to come and do mock training at my facility. 
One of  the first places I worked used molten cyanide and neutral salts. 
Never put water on those. We made sure the fire department knew, and we 
had large signs outside the doors. You should also have chemical placards 
outside listing the fire hazards of  what is in your shop. Having your MSDS 
book close to the door or with you at the designated area ready for the fire 
department can help, too. 

IS THERE A DESIGNATED AREA To MEET IN CASE oF FIRE?  
With my shops we had a designated area where everyone met for any 
disaster—earthquake, flood, or fire. It can be difficult to keep track of  
personnel without knowing who was fighting the fire—someone else might 
be fire fighting not listed on the “fire crew.”   

WHo CAllS 911? 
This sounds like a silly question, but I have heard of  everyone meeting at the 
designated area and thinking, “The other person called.” With cell phones 
it makes it a lot easier. Just remember the landline has your address listed on 
the 911 operators computer screen. Your cell phone does not. Also make 
sure the person who calls knows your address. You will be asked by the 911 
operator to verify the location.

ARE yoUR FIRE ExTINGUISHERS READIly AVAIlABlE AND 
FUlly CHARGED? 
I had a local fire extinguisher service that came once a year. All our 
extinguishers were discharged, cleaned, visually inspected, and recharged 
with a new tag with the date of  service. This tag also had room to record the 
date for the monthly inspection your safety committee did. Depending on 
your state, normally fire extinguishers are hydro tested every 5–10 years.  

ABoUT THE AUTHoR: Past president of the Metal Heat Treaters Association, Marty keylon is the owner of keylon Thermal Consulting, a primary rep for north 
American Cronite, BeaverMatic industrial Furnaces, and CeraMaterials. you can contact Marty at bgdog756@aol.com or by calling 530-788-8566.



No room for error? 

For gears they can 
rely on, partner with 
a heat treater that 
you can rely on.

www.solaratm.com 
855-WE-HEAT-IT
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for Quality  

Guaranteed!

At Solar Atmospheres, your critical specs get the 
specialized expertise they deserve. From stress 
relief to case hardening, we’ll help assure that 
your gears can go the distance. Precise carbon 
control and aerospace-qualified pyrometry produce 
uncompromised quality. Harness our leading-edge 
vacuum technology to improve the uniformity of your 

case depths, minimize distortion and enjoy clean parts with no IGO (intergranular 
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By Tim Byrd

Continual investment in new equipment and technologies help  
The Euclid Heat Treating Company maintain its position as the most 
diversified commercial heat treating company in Northeastern Ohio.

The Euclid Heat 
Treating Company

Company profile
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When current owner John H. Vanas first got involved, the 
company was using salt pots and open fire annealing furnaces. 
They had a shaker furnace, an old rotary hearth furnace, and a 
pusher furnace. “A few years later, we got into the larger Surface 
Combustion oil quench batch furnaces,” he said. “We bought 
a vacuum furnace and put in a couple more pit furnaces. We 
started to get larger in size after that. We moved our induction 
division over, bought two more buildings to put equipment in, 
and got into the intensive quenching process. We took a build-
ing next door and turned it into our office building along with a 
dimensional inspection facility. We’ve expanded quite a bit, and 
we’re still upgrading.” John E. Vanas, sales manager and son of  
owner John H. Vanas, describes their impressive current loca-
tion: “We occupy five buildings on one campus, buildings that 
house the wide variety of  processes we provide. We’re close to 
100,000 square feet under roof  and employ over 60 workers.” 

Euclid is certainly one of  the more diverse commercial heat 
treat companies in northeastern Ohio, and even the nation. They 
offer standard heat treat services like quench-and-temper carbu-
rizing and carbonitriding. They perform induction processing, a 
selective hardening process. They can also vacuum harden, tem-
per, stress relieve, and anneal all manner of  tool steels, as well as 
high speed steels, and other exotic alloys . . . the list goes on and 
includes some less common processes:

“We run some continuous processes using rotary retort fur-
naces,” Vanas, Jr. said. “These are less common in commercial 
settings—usually you see belt machines instead. The rotary retort 
is better for the uniformity of  case depth. It’s ideal for stampings, 
bearings, and a variety of  automotive parts. We have two rotary 
retort machines, one with a water/polymer quench and one with 
an oil quench.”

Within their vacuum-processing department, Euclid has a 
number of  large-capacity vacuum furnaces, the biggest of  which 
is capable of  a 10-bar nitrogen quench. They also have a fairly 
unique vacuum oil quench furnace featuring a frontal quench 
chamber with an elevator that immerses the heated parts in oil. 
“That’s a very popular one for various tool steels and the like,” 

explained Vanas, Jr. “The advantage provided by oil quench-
ing under vacuum is improved corrosion resistance and reduced 
crack risk for certain stainless steels.”

Another unique process they offer is Intensive Quenching, 
which is performed in a state of  the art furnace, “a very impor-
tant piece of  equipment we have that no one else does,” as he 
described it. 

“This particular technology uses interrupted water quenching 
and carefully controlled quenchant temperature and agitation in 
order to create superior compressive stresses in a variety of  ma-
terials, which gives quite a significant improvement in the lifes-
pan, wear characteristics, and toughness of  less expensive alloy 
materials. The idea behind it is to allow manufacturers to use less 
expensive, lower-alloy materials, and through this process gain 
comparable (even superior) part life relative to more expensive, 
higher alloy material.”

The process has peaked the interest of  companies in mining, 
aggregate, and scrap reclamation. And it’s gaining more popu-
larity with shaft and gears, because it also minimizes distortion.

“There’s a precise, specific, in-depth technology behind it,” 
Vanas, Jr. said. “It requires a lot of  up-front engineering. We’re 

If there’s a word to describe Cleveland, Ohio’s Euclid Heat 
Treating Company, that word is “diverse.” Established in 
1945 in a garage building with salt and open fired furnac-
es, today they have expanded to include endothermic at-
mosphere furnaces, an entire building devoted to induction 
hardening, an array of vacuum furnaces including a vacuum 
oil quench and a VFS 10-bar furnace, pit furnaces, nitriding 
equipment, and much more.
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one of  two companies in the U.S. licensed to 
perform the process. The results are being 
proven—they’re speaking for themselves. 

Euclid Heat Treating is ISO/TS 16949-
2009 certified with a thorough in-house lab, 
recently updated and moved to a new loca-
tion. They’ve added some high tech analy-
sis equipment during the move, too, one of  
which is an automated micro hardness tester: 
the NewAge MT90. “It gives us the oppor-
tunity to perform micro-hardness evaluations 
automatically, which saves time and enhances 
accuracy. We program the machine to do a 
certain number of  indentations along a speci-
fied path. It’s a very sophisticated piece of  
equipment. And it has helped reduce inspec-
tion time while increasing accuracy and work 
output. All the results can be downloaded to 
our production management system, where 
we can generate certifications to send to our 
customers electronically.”

And that’s just the tip of  the tooling iceberg 
you’ll find at Euclid. They very recently add-
ed a Niton XL3T hand-held, X-ray flores-
cence (or XRF) material analyzer to expand 
their analytical capabilities.

“It’s a useful tool to address concerns such 
as misidentified or non-conforming materi-
als,” he said. “Sometimes the material cus-
tomers send us is different from what they 
think it is. We proceed according to what the 
P.O. indicates until the heat treat results indi-
cate something different. When that used to 
happen, we were left to guess what the mate-
rial was with very little to go on, unless we 
sent a sample out for a chemistry. This adds 
a significant amount of  time and cost to the 

process. With the Niton XL3T, we simply 
‘point and shoot’ and it tells us what we’re 
dealing with. Using this device saves us time, 
money and headaches over what to do next. 
A simple call to the customer to find out how 
they would like us to proceed is all that is re-
quired to get our process back on track.”

The analyzer creates an X-ray that fluo-
resces electrons off  of  the outer electron shell 
of  various elements present in the material. 
When the electrons are discharged from these 
atoms, they emit a certain amount of  energy 
specific to each element. The detector is ca-
pable of  measuring this energy for each ele-
ment present and then identifying the type of  
alloy by comparing it with the chemistries of  
over 600 alloys in its internal library. Euclid is 
trained and certified to use it within the state 
of  Ohio. 

Sometimes they even take this show on 
the road. Vanas, Jr. said, “We even provide 
on-location assistance to help companies sort 
out their materials. One of  our customers 
had parts which appeared identical but were 
made from different materials, one (made 
from high speed tool steel) much more expen-
sive than the other. Rather than choosing to 
sell all parts at the lower price and suffer a sig-
nificant loss on the more expensive parts, they 
called me and in about 10 minutes, we saved 
them money by sorting out which ones were 
the expensive ones and which were not.”

Back on the heat-treat side of  things, Eu-
clid has broad capabilities when it comes to 
induction heating. They operate power sup-
plies from 30 kW all the way to 300 kW, and 

frequency ranges from 3Khz up to the RF 
(radio frequency) of  450Khz. They’ve done 
work for major automotive suppliers, after 
market component suppliers, bearing manu-
facturers, and the like. We can do everything 
from selective hardening on track bolt heads 
to automotive wheel bearing journals, even 
the wire formed hoop that latches the hood 
of  your car in place.”

Much of  what makes Euclid unique in 
their field is their ability to perform multi-
disciplinary processes in one location. Some 
of  their customers require neutral hardening, 
or carburizing processes, followed by induc-
tion hardening on specified area(s) of  a part. 
Euclid can do all these in one location, which 
minimizes time loss between processes by 
eliminating the need to ship to outside ven-
dors or other facilities. This has long been a 
significant advantage for their customers by 
saving them time and money, and even sim-
plifying the quoting of  heat treat work.

Ensuring consistent quality and provid-
ing comprehensive solutions are two benefits 
upon which Euclid places a strong focus. This 
has led them to yet another process: eddy 
current testing, a 100 percent non-destruc-
tive verification of  structure within the part. 
Eddy current testing provides a rapid and 
precise verification of  a wide variety of  part 
characteristics such as material matrix, hard-
ness, case depth, contaminations/inclusions, 
and even cracks. With the first of  their two 
eddy current testers, Euclid was able to pro-
vide 100% verification of  good product for a 
particular automotive customer. These parts 
(numbering in the millions per year) were put 
through several heat treating steps, the last of  
which was induction hardening. In order to 
ensure that no part from outside the process 
could be accidentally entered into a differ-
ent part of  the process, thereby creating the 
risk of  unfinished material in a finished bin, 
Euclid institutes this eddy current analysis. 
They even invested in an automated feed 
system that orients each individual part in a 
test coil and, upon identification of  “good” 
results, the part is passed through a sort-
ing gate and into the shipping container. 
Parts registering “bad” are rejected by the 
gate and passed into a scrap container. This 
eliminates the risk of  un-processed or non-
conforming material being sent to the cus-
tomer. 

As an outgrowth of  the eddy current 
checking of  customer material, Euclid Heat 
Treating found their way into 100% dimen-
sional inspection of  various parts. This was 
necessary because of  the tendency of  certain 
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FoR MoRE INFoRMATIoN: To contact euclid for a quotation, status, or employment information:, visit www.euclidheattreating.com or call (800) 962-2909

parts to move during thermal processing as 
the result of  internal stresses acting upon 
the material. Parts which moved beyond 
a certain dimension would not fit in their 
intended subassembly and would cause an 
incorrect weld. This caused shutdowns on 
the customers line and Euclid responded 
by implementing in house dimensional 
gauging and Kan Ban package and ship-
ment of  orders. This has enhanced the 
customers operations significantly.

“We go where the market wants us,” Va-
nas, Jr. said before sounding off  a lighting 
round of  additional capabilities. “We have 

internal process and tracking within the 
shop with our onsite shop management 
software. 

“We perform water quench, oil quench, 
and pressure quench. We do case hard-
ening, deep case carburizing, and ferritic 
nitrocarburizing. This is gaining in popu-
larity because it’s a way to impart a high 
surface hardness that’s very shallow on a 
part that is intended to maintain a ductile 
core and some malleability in the material. 
The part is still able to flex, slightly, even 
though it has a very hard surface. It’s very 
shallow and very specific.

“We have myriad different methods of  
hanging, spacing, and positioning parts in or-
der to maintain the tightest dimensional tol-
erances through the processes. People come 
to us for their tight demands on distortion. 

“Over the years, we’ve amassed a huge in-
ventory of  customized fixturing, special de-
signs, internal designs—job-specific things. 
We work closely with our customers to ensure 
that the way their part is processed involves 
the highest degree of  control and dimen-
sional stability that can be achieved. We pride 
ourselves on that kind of  care. Some people 
are fast, some are cheap; we’re not exactly the 
fastest, or the cheapest but I believe we are 
the most (careful?)‘high-care.’ We treat every 
part like it’s our own, recognizing the value of  
each piece, instead of  a part of  our revenue 
stream.”  I regularly hear from many of  the 
customers I visit that ‘if  I have a job that has to 
be done right’ or ‘if  it’s a difficult or demand-
ing job…I send it to Euclid, because I know 
they’ll do it right no matter what”.

This philosophy is based on the belief  that 
each part has a functional role. Euclid takes a 
lot of  pride in knowing where a lot of  our parts 
go, and what they do. 

“We heat treat parts that essentially make 
the world what it is. So much of  what’s in the 
world wouldn’t be here without heat-treating. 
We try to always remember that we’re never 
too many degrees away from the product of  
what we do.”

“It’s still very robust around these parts, in 
terms of  industry,” said John Sr. “We’re very 
fortunate in this area of  the country to have 
the kind of  machining capacity and abilities 
that other regions don’t seem to have. A lot of  
bigger companies have gotten rid of  their cap-
tive heat treaters, so now they’re outsourcing, 
which is good for us. That’s given us our best 
growth potential. In fact, we just had one cus-
tomer close up their captive heat treat opera-
tion and decide to send all their heat treating 
business here. We can do it all in house, so 
that’s a nice bonus for them, and for us, too. 
We see these kinds of  things as our true growth 
potential.

With three children working with him, John 
Sr. said it’s been great to have the family as a 
part of  everything. “They have a vested inter-
est, obviously, and if  I have to go somewhere, 
I feel completely confident that I have people 
here to watch over things. They’ve all brought 
something to the table, having worked in oth-
er disciplines before they came to Euclid.”   
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Inductive Spin Hardening of Gears:  
A Survey of Key Features and Benefits 
By Dr. Hansjürg Stiele and Kristian Berggren

A large part of  the misunderstanding of  
induction hardening seems to stem from an 
incomplete grasp of  the basic induction heating 
process. This is surprising, as the process itself  is 
relatively easy to grasp once certain fundamental 
steps have been explained. Induction heating is 
quite literally heat that has been induced in a 
workpiece. Roughly put, this effect is achieved 
by surrounding the workpiece (or the part of  
the workpiece to be heated) with a copper coil. 
An alternating current is then fed through the 
coil, generating a magnetic field. The strength 

of  the field varies in relation to the strength of  
the current. The field is concentrated in the area 
enclosed by the coil, while its magnitude depends 
on the strength of  the current and the number of  
turns in the coil (Fig. 1).

Eddy currents are induced in any electrically 
conductive object—a gear, for example—placed 
inside the coil. The phenomenon of  resistance 
generates heat in the area where the eddy 
currents are flowing. Increasing the strength of  
the magnetic field increases the heating effect. 
However, the total heating effect is also influenced 

by the magnetic properties of  the object and the 
distance between it and the coil (Fig. 2).

The eddy currents create their own magnetic 
field that opposes the original field produced by 
the coil. This opposition prevents the original 
field from immediately penetrating to the center 
of  the object enclosed by the coil. The eddy 
currents are most active close to the surface of  the 
object being heated, but weaken considerably in 
strength towards the center (Fig. 3).

The distance from the surface of  the heated 
object to the depth where current density 

Although induction hardening is being increasingly used within the gear industry, much 
misunderstanding remains about this amazing technology. 

A
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drops to 37% is the penetration depth. This 
depth increases in correlation to decreases in 
frequency. It is therefore essential to select the 
correct frequency in order to achieve the desired 
penetration depth.

CoST-CUTTING ADVANTAGE
Induction is the cost-cutting alternative 
to furnace case hardening of  small- and 
medium-sized gears. Key features of  induction 
hardening are fast heating cycles, accurate 
heating patterns, and cores that remain 
relatively cold and stable. Such characteristics 
minimize distortion and make heating 
outcomes extremely repeatable, reducing 
post-heat processes such as grinding. This is 
especially true when comparing induction 
hardening to case carburizing.

Induction hardening also reduces pre-
processing, as the geometry changes are 
less than those caused by carburizing. Such 
minimal changes mean distortion does not 

need to be accounted for when making the 
gear. With gears destined for gas carburizing, 
however, “offsets” that represent distortion are 
often introduced at the design stage. These 
intentional offsets compensate for distortion 
caused during the lengthy heat soaks typical of  
carburizing.

Induction can heat precisely localized 
zones in gears. Achieving the same degree of  
localized hardening with carburizing can be 
a time- and labor-intensive procedure. When 
carburizing specific zones such as the teeth 
areas, it is usually necessary to mask the rest 
of  the gear with “stop off ” coatings. These 

masks must be applied to each workpiece, 
and removed following the hardening process. 
No such masking is necessary with induction 
hardening.

Induction hardening is ideal for integrating 
into production lines. Such integrated inline 
hardening is more productive than thermo-
chemical processes. Moreover, integrated 
hardening minimizes costs, as the gears do not 
have to be removed for separate heat treatment. 
In fact, induction heating makes it possible to 
create one seamless production flow through the 
machining, hardening, quenching, tempering, 
and storage stages.

Fig 1: A magnetic field is generated within the area enclosed by the AC-carrying coil.

Fig 2: The eddy currents are strongest on the 
surface of the enclosed workpiece.

Fig 3: A handy rule of thumb is: low frequency, deep penetration; high frequency, shallow penetration.
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FoR SMAllER DIMENSIoNS
Inductive gear hardening can be divided into two main areas: partial and 
spin.[1] The former is when specific parts of  the gear such as the tooth 
profile or gaps are hardened one-by-one using a customized shaped coil. 
This method is usually used on large gears such as those employed in wind 
turbines, earth movers, and so on. Spin hardening, which is typically used 

on medium- and small-dimensioned gears, involves placing the entire 
gear within a coil. The workpiece then spins around while a current is 
fed through the coil, inducing heat in specific areas. Spin hardening can 
in turn be divided into alternatives: through hardening and contour 
hardening (Fig. 4). 

Fig 4: The two methods of inductive spin hardening: through-hardening and 
contour hardening.

Fig 5: A through-hardened gear after quenching.
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With inductive through hardening—used primarily for gears exposed to 
high wear— the tooth perimeter is hardened with a low specific power.[2] 
However, if  the frequency is too low, there is the risk that above the Curie 
temperature the induced eddy current flows mainly in the root circle, and 
the temperature lags behind in the teeth. Quenching is either by submersion 
or spraying, and is usually delayed in order to achieve a uniform temperature 
between the teeth and the root circle.[3] Tempering after through-hardening 
is essential in order to prevent later cracking (Fig. 5). 

Contour hardening is divided into single- and dual-frequency processes. 
With the former, a single generator feeds the inductor. Austenitizing is 
achieved either in a single heating, or by pre-heating the gear to 550-750°C 
before heating it to the hardening temperature. The purpose of  pre-heating 
is to reach an adequately high austenitizing temperature in the root circle 
during final heating, without overheating the teeth tips. Short heating times 
and a high specific power are usually required to achieve hardening profiles 
at an irregular distance to the tooth face (Figs. 6, 7, 8). 

ACCURATE MoNIToRING NEEDED
Dual-frequency (also known as multi-frequency) hardening 
represent one of  the most exciting uses of  induction technology 
for the gear industry, as the method delivers consistent and 
predictable results for gears with complex geometries. It is 
however important to remember that the terms “dual/multi 
frequency hardening” refer to two processes: separate (or 
stepped), and simultaneous. The first, which achieves results 
similar to case hardening, involves applying two different 
frequencies one after the other to the gear. The teeth are first 
pre-heated at a low frequency to 550-750°C. The frequency 
should be such that pre-heating occurs in the root circle area. 
After a short delay, use of  a higher frequency and specific power 
achieves austenitizing (Fig. 9).

Accurate monitoring systems are essential, as heating times 
are measured in tenths of  seconds or seconds during this final 

Fig 6: A time/temperature graph of single-frequency contour inductive 
hardening.

Fig 7: The end-result of single-frequency inductive hardening. Fig 9:  Dual-frequency contour hardening, with inductive pre-heating.

Fig 8: Single-frequency contour hardening—in this example, the gear has been 
pre-quenched and tempered by induction heating.
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heating phase.[4] Due to the high demands on 
the hardenability of  the material in contour 
hardening, tempering of  the tooth area before 
hardening may be considered as an alternative 
process (just as in single-frequency contour 
hardening (Fig. 10).

With the simultaneous dual-frequency 
method, a lower and a higher frequency feed 
into the inductor at the same time. Hardening is 
achieved by heating the root circle with the lower 

frequency, and the tooth tips with the higher 
(Fig. 11). 

Unlike the separate / stepped process, pre-
heating is not always required when using 
the simultaneous dual-frequency process.[5] 
However, the short heating times used with 
simultaneous frequencies place high demands 
on the generator and machine engineering. An 
example of  a hardening profile achieved with this 
method can be seen in Fig. 12.

VERSATIlE AND RElIABlE
Correct quenching is critical for perfect spin 
hardening results, and should be performed as 
soon as possible after the final heating. The time 
gap between heating and quenching can be 
minimized by using a fast CNC axle to position 
the spray head, or by integrating a quench into 
the inductor. During the quenching phase, the 
rotational speed of  the gear is decreased to below 
50 rpm to avoid a “shadow effect” on the flank 
opposing the direction of  rotation. 

Many other factors influence spin hardening 
outcomes. The material to be hardened and 
its initial structure, for example, have a decisive 
impact. Due to short austenitizing times, the initial 
steel structure must be close-grained (ASTM 7 
and above). Non-homogenous pearlite-ferrite 
initial structures are not suitable. The importance 
of  initial structure and carbon content increases 
as module size decreases. If  a somewhat increased 
quenching distortion is acceptable, tempering 
prior to contour hardening can greatly improve 
the gear’s hardenability.  

Module size is another key factor in spin 
hardening. For the dual frequency method with 

Fig 10: Dual-frequency contour hardening—note the 
inductive pre-hardening and annealing.

Fig 11: Simultaneous dual-frequency contour 
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simultaneous frequencies, the range is 1.8 < 
m ≤ 5mm. However, for cost reasons the gear 
diameter should be limited to approximately 
d ≤ 250mm. For modules of  m ≤ 3.0mm, the 
separate dual frequency method is preferred. 
This is because a final hardening phase with only 
the higher frequency achieves better hardening at 
an irregular distance to the face. 

Spin hardening is a versatile and reliable 
process that can harden spur-toothed, helical 
spur, and internal gears at an irregular distance 
to the face. However, different gear forms 
influence hardening results. With helical gearing, 
an asymmetrical hardening of  the tooth flank at 
a depth of  up to 2-3mm from the gear face has 
to be accepted.[6] This situation is however only 
pronounced with helix angles of  β ≥ 28° (Fig. 13). 
Patented coil solutions are available that limit this 
effect by enhancing power distribution.   
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Properties of Cases Treated with High-
Temperature Vacuum Carburization 
By Piotr Kula, Konrad Dybowski, Robert Pietrasik, Sylwester Pawe˛ta, Jozef  Olejnik, Maciej Korecki

Carburizing continues to be one of  the ba-
sic thermochemical treatments used for in-
dustrial steel. With the development of  the 
industry, carburizing has evolved from its 
simplest forms, such as pack treatment, to 
advanced vacuum technologies.

At present, vacuum carburization tech-
nology is replacing the older technologies 
and is more and more widely used, espe-

cially in the automotive industry. Most 
recently it has been applied in the aero-
space industry. This stems from a number 
of  advantages that the technology offers. 
These include: the possibility to shorten 
the carburizing time by raising the pro-
cess temperature; the possibility to use sig-
nificantly higher carbon potentials for the 
atmosphere; the elimination of  internal 

oxidisation; clean charge surface after the 
process; and the reduction of  environmen-
tally noxious emissions [1,2,3,4].

An important step in the development 
of  this technology is the FineCarb expert 
system, used for designing vacuum carbu-
rized layers, which allows for the selection 
of  optimum process parameters depending 
on the required hardness distribution in the 

The influence of nitrogen on restricting austenite grain growth during vacuum 
carburizing and on mechanical properties (fatigue strength, impact resistance) of layers 
that underwent such treatment in comparison with traditional carburizing methods.
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surface of  the treated parts. The system 
makes it possible to arrive at the optimum 
composition of  the multi-component car-
burizing mix, to control the intensity of  gas 
flow depending on the process stage and 
the surface of  the treated charge, and to 
have continuous control of  process param-
eters on the basis of  signals from the ex-
haust gas monitoring system. FineCarb has 
been developed at the Institute of  Materials 
Engineering at the Technical University of  
Łódz´ in cooperation with Seco/Warwick 
S.A. and supports vacuum carburization 
furnaces produced by this company [5,6].

The next stage in developing the techno-
logical capabilities of  the FineCarb system 
was creating a carburization technology 
supported with pre-nitriding called PreNit 
LPC. Research conducted at the Technical 
University of  Łódz´ made it possible to de-
velop the basics of  the technology and pre-
pare it for industrial implementation. This 
treatment involves introducing ammonia at 
the initial stage of  the process: during the 
stage of  heating for carburizing. Because 

of  this, the layers obtained, which are car-
burized in higher process temperatures 
than usual, do not exhibit grain growth. 
And because of  this, the process tempera-
ture can be raised as high as 1050°C [7,8]. 

The introduction of  nitrogen during the 
charge heating stage leads to release of  
nitrides and/or carbonitrides, which con-
stitute the nuclei for austenite grains and 
block their growth during the carburizing 
stage. This leads to size reduction of  the 
grains in comparison with the gas carburi-
zation technology as well as with vacuum 
carburization, thus making it possible to 
intensify the process by raising the treat-
ment temperature without causing the loss 
of  strength properties.

ExPERIMENTAl
Specimens of  16MnCr5 steel were carbu-
rized using three methods: endothermic 
gas carburization, vacuum carburization, 
and vacuum carburization with pre-nitrid-
ing during charge heating stage.

The process atmosphere for endothermic 
gas carburization was obtained from natu-
ral gas while the atmosphere for vacuum 
carburization was a mixture of  hydrocar-
bons: acetylene and ethylene (in 1:1 ratio) 
diluted with hydrogen. In vacuum carbu-
rizing with pre-nitriding, the nitrogen was 
obtained from the breakdown of  ammonia, 

which was fed during the charge heating 
stage in the temperature range between 
400°C and 700° C at 26hPa. The pressure 
during vacuum carburizing was 3–8 hPa 
(pressure fluctuation). The carburizing was 
conducted at various temperatures. The 
thickness of  the layer in each case was 0.6 
mm (at a layer criterion of  0.4% carbon) 
and surface carbon concentration 0.75% 
carbon. The processes were designed using 
the FineCarb expert system. Detailed pro-
cess parameters are presented in Table 1.

SHoRTENING CARBURIzING TIME
In economic terms, the most effective 
method for carburizing is to restrict pro-
cess time to a minimum, especially when 
the purpose is to obtain thicker layers. This 
objective can be achieved when process 
temperature is significantly raised which, 
of  course, may result in the growth of  aus-
tenite grains. That danger can be prevent-
ed through a modification of  the vacuum 
carburization method by feeding ammonia 
during the charge heating stage, which will 
cause the release of  nitrogen-based, fine-
dispersion intermetallic phases that ef-
fectively prevent the growth of  austenite 
grains during carburization. 

When comparing carburizing in terms 
of  time necessary to obtain layers of  the 
same thickness (Table 2), it can be estab-

Table 1: Carburizing process conditions.

Type of carburizing ENDO LPC PreNit LPC®

Process temperature 920°C 920°C 950°C 980°C 1000°C

Thickness layer  
(criterion 0.4%C)

0.6mm

Surface concentration 0.75 %C

Type of 
carburizing ENDO LPC PreNi LPC®

Temperature 920ºC 920°C 950°C 980°C 1000°C

Thickness layer 
(criterion 0.4%C) 0.6 mm

Boost time 167min 23min 17min 13min 11min

Diffusion time - 1h 52min 1h 24min 58min 43min

Total  
process time

2h  
47min 2h 15min 1h 41min 1h 11min 54 min

Table 2: Processes time obtained for different carburizing conditions.
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lished that, as expected, total carburization 
time is the shortest at the highest tempera-
ture. Namely, at 1000°C a 0.6mm thick 

layer (with the 0.4% carbon criterion) can 
be obtained after just 54 minutes. This rep-
resents a shortening of  the process by as 

much as 68% in comparison to endother-
mic carburization conducted at 920°C and 
by 60% in comparison with vacuum carbu-
rization at the same temperature (Fig 1).

ESTIMATING GRAIN SIzE
In order to estimate the influence of  process 
temperature on the size of  austenite grains 
and the influence of  ammonia, the size of  
former austenite grains was measured (in 
accordance with the ISO 643:2003 stan-
dard). The average grain diameter was 
measured both in the surface layer as well 
as in the core of  the treated steel. The re-
sults are presented in Figs 2 and 3. When 
comparing individual grain diameters in 
the core between the various processes, it 
can be concluded that, just as in theoretical 
assumptions, the higher the process tem-
perature, the larger the grains in the core. 
When making the same comparison for 
carburized layers, it can be concluded that 
the size of  austenite grains created during 
vacuum carburization as well as endother-
mic carburization at 920°C is the same as 
in vacuum carburization at 1000°C with 
pre-nitriding. 

The research has proven that nitrogen 
does restrict austenite grain size. There-
fore, there is a possibility to increase 
process temperature and thus increase 
the speed of  carbon diffusion, under the 
condition that mechanical and functional 
properties, especially fatigue strength, are 
not decreased.

TESTING FATIGUE STRENGTH
In order to evaluate the strength properties 
of  elements treated with the above carbu-
rization methods, a test of  fatigue strength 
was conducted using the high-frequency 
method.

This test was conducted using reso-
nance, and the failure point of  the tested 
specimen was defined as vibration frequen-
cy change. This method involved measur-
ing the current self-frequency of  the tested 
specimen and using that frequency with 
appropriate sinusoidal amplitude. The 
forced amplitude is adjusted to obtain the 
desired stress at the narrow point of  the 
specimen. The stress value is determined 
on the basis of  the deflection curve. The 
specimen for fatigue tests was prepared ac-
cording to the ASTM E 606-04 standard 
and FEM simulation in order to obtain the 
optimum stress distribution at the narrow 
point. The test was conducted at a test sta-
tion equipped with a Tira vibration exciter 

Fig 1: The comparison of total processes time for different types of treatment.

Fig 2: The comparison of the surface layer grain size for 16MnCr5 steel for different types of treatment.

Fig 3: The comparison of the core grain size for 16MnCr5 steel for different types of treatment.
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TV50101 and VibrationVIEW control-
ling amplifier. On the basis of  these tests, 
Wöhler curves were determined in terms 
of  the fatigue limit and endurance limit. 
The results are presented in Fig 4. Com-
paring the fatigue strength of  16MnCr5 
steel carburized with different methods, it 
can be concluded that when vacuum car-
burization with pre-nitriding treatment is 
applied, it does not result in a loss of  fa-

tigue strength; on the contrary, it increas-
es the fatigue strength of  the tested steel.

TESTING CoNTACT STRENGTH
The test for contact strength was conducted 
using a modified four-ball tester (in accor-
dance to the IP 300/82 standard), with a 
system of  three balls and a cone, on lay-
ers of  16MnCr5 steel subjected to various 
types of  carburization, conducted in accor-

dance with parameters provided in Table 1. 
The results are presented in Fig 5. The re-
sults thus obtained indicate the strength of  
about 1.6x10-6 cycles with a load of  3924 
N, regardless of  the carburization variant 
used for the specimen.

IMPACT TEST
Measurements of  impact strength of  
16MnCr5 steel specimens, carburized in 

Fig 4: Wöhler’s curves within limited and unlimited range of fatigue strength for 
different types of treatment.

Fig 5: Pitting fatigue strength for steel 16MnCr5 after the low pressure carburising 
in 920ºC and after the low pressure carburising with the pre-nitriding option in 
950, 980 and 1000ºC.
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accordance with the parameters provided 
in Table 1 were taken using a Charpy im-
pact tester (in accordance with the PN-EN 
ISO 14556 standard). The test was con-
ducted on a u-notched sample; the initial 
energy of  the pendulum was 150 ± 10J. 
The results are presented in Fig 6. 

The impact strength test of  carburized 
16MnCr5 steel yields similar values at 
about 160 J/cm2, regardless of  the applied 
carburization treatment.

THE ECoNoMIC ASPECT
During the study, a cost analysis was done 
for the profitability of  implementing the 
PreNitLPC technology. The total monthly 
costs borne by a business employing this 
technology are 1–6% higher in comparison 
with the costs borne by a business that uses 
an ENDO technology. It must be noted 
however that due to the differences in pro-
cess temperatures, and therefore in carbon 
diffusion coefficients, the time necessary 
to obtain a given layer thickness is much 
shorter in the case of  the vacuum technol-
ogy. In consequence, it is possible to com-
plete more processes in a furnace during a 
set time unit. These differences vary from 
almost 6% for thin layers up to 100% for 
thick layers.

The unit cost of  carburizing 1 kg of  
charge was calculated using the cost data 
and the process capacity of  the furnace. A 
comparison of  the costs shows the econom-
ic advantage of  the PreNitLPC technology. 
The vacuum technology is more cost-effec-
tive even for the thinnest layer of  0.4 mm. 
In the analysis of  unit cost, the vacuum 
technology is cheaper by over 4% for thin 
layers, and even up to 45.6% for the thick-
est layers (for the purposes of  this analysis 
the thickest layer considered was 5 mm).

CoNClUSIoNS
In summary, it can be said that the vacuum 
carburization process with pre-nitriding 
treatment can be conducted at much high-
er temperatures than those traditionally 
used for carburization without the loss of  
functional properties of  the treated ele-
ments. Thanks to the higher temperature it 
is possible to significantly shorten the total 
process time, which directly translates into 
a favorable economic result without caus-
ing a decline in the mechanical properties 
of  components subjected to this treatment. 
This opens wide application possibilities, 
especially for high-quantity series, where 
the economic aspect is most visible.   
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By Crystal Baus 

In the past several years, heat treating 
companies have experienced a signif icant 
supply disruption in generated acetylene. 
Additionally, generated acetylene may not 
offer the purity required for important 
manufacturing processes such as the vac-
uum carburizing function of heat treating 
for gears. 

ALD Thermal Treatment Inc. (ALD) 
recognized the need to f ind a stable, reli-
able supply of high-purity acetylene that 

would help them eliminate supply un-
certainty that could negatively impact a 
productive heat treating process. To meet 
these challenges, ALD made the switch 
from conventional generated acetylene to 
chemical acetylene through a relationship 
with Praxair Distribution, Inc.

CHEMICAl ACETylENE
Acetylene needs to be dissolved in a sol-
vent in order to be transported safely in 

cylinders. Acetone has been the indus-
try’s standard solvent, but acetone has 
a tendency to release with the gas caus-
ing downstream issues for heat treaters. 
When the gas stream contains higher 
levels of acetone, intergranular oxidation 
(IGO) occurs in the work piece, creating 
performance issues with the gear compo-
nents. As a result, acetylene dissolved in 
acetone must be in a temperature-con-
trolled environment and users have to 

Case Study

Benefits of Chemical Acetylene 
Dissolved in DMF as Used in  
Vacuum Carburizing of Gears

Company: Praxair Distribution, Inc.
Customer: AlD Thermal Treatment, Inc. 
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change cylinders more frequently than 
cylinders with chemical acetylene. These 
additional cylinder change-outs take 
more time from production processes 
and may result in safety challenges and 
higher residuals.

Conversely, chemical acetylene dis-
solved in dimethylformamide solvent 
(DMF) offers gear manufacturers precise 
control of heat treatment processes. This 
type of acetylene is of a high purity rate 
and a stable supply—assisting in opti-
mized gear component processing.

Chemical acetylene that is generated 
as an off-stream in ethylene production 
and then dissolved in a DMF solvent is of 
a higher purity. The chemical acetylene 
gas ALD uses is 99.5 percent pure, which 
means IGOs are no longer a concern for 
ALD Thermal Treatment. This gives the 
heat treater more control of the process 
using less gas with higher purity. For ex-
ample, one of ALD Thermal Treatment’s 
customers had a big problem with heat-

treating; they were getting a 30 percent 
scrap rate. Once the switch was made to 
using chemical acetylene from Praxair, 
the scrap rate dropped to zero.

ALD has been using chemical acety-
lene in the vacuum carburizing process 
for more than a decade. Since then, the 
company has seen dramatic improve-
ments in the processing of gear com-
ponents through the development of 
vacuum carburization (LPC) with high-
pressure gas quench (HPGQ ).

The development of pre-packaged 
chemical acetylene in DMF solvent pro-
vides the capabilities to continuously 
achieve carburizing of complex shapes 
where dimension control is critical. ALD 
uses high-technology processes providing 
heat treat services on gear components to 
achieve hardness, while retaining prod-
uct austenite levels and eliminating mar-
tensitic transformation across medical, 
plastics, welding, f iber, and f ilm applica-
tions. 

“ALD has extensive experience in the 
industry and is at the forefront of using 
chemical acetylene in vacuum carburiz-
ing during the processing of gear com-
ponents,” said Robert Peters, senior vice 
president of ALD’s Own and Operate 
Division. “To stay productive, we need 
access to a steady supply of high-purity 
acetylene…”

Previously, ALD stopped using gener-
ated acetylene cylinders with an acetone 
solvent at content levels of 20-30 percent 
to avoid contaminants in its process gas 
from causing IGO. Now with Praxair’s 
supply of chemical acetylene, virtually 
all of the acetylene can be used from a 
cylinder without IGO concerns. 

It may not seem like a big deal, but in 
the heat treating process of gear manufac-
turing, where precision is of the highest 
importance, high-tech processes used by 
large companies are crucial in order for 
gases to f low evenly so every part is treat-
ed to the same exacting specif ications.

Fig 1: Solvent Carry–Through in Acetylene.
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  “The advantages of Praxair’s chemical 
acetylene in DMF solvent are two-fold. 
It is almost pure. You don’t have inter-
ference of contaminants. And the DMF 
stays in the cylinder, which is not the case 
when using acetone,” said John Bying-
ton, Praxair Fuel Gas Business Manager. 
“DMF solvent is 40 times more eff icient 
than acetone and far more stable, and in 
the long run, it saves companies money.” 

SUPPly DISRUPTIoN
Additionally, ALD has not experienced 
the aforementioned supply disruptions 
with the change to chemical acetylene 

dissolved in DMF. Praxair gives ALD 
access to a high-quality, high-purity fuel 
gas with its robust supply of chemical 
acetylene. Today, Praxair delivers chemi-
cal acetylene on bulk trailers, which con-
sists of 200 large gas cylinders perma-
nently manifolded together.

“Supply-chain issues have plagued the 
availability of acetylene in most recent 
years,” said John Byington, Praxair busi-
ness manager – Fuel Gas. “With Praxair’s 
multi-year exclusive chemical acetylene 
distribution agreement, we offer a reliable, 
stable supply to our customers who demand 
the highest purity from their acetylene.”

“Before switching to chemical acetylene 
gas, ALD used to have more bottles on 
site and had to purchase more acetylene 
to perform heat treating processes. Each 
acetylene bottle had to be changed out. 
With our new supply, we have avoided 
these change out costs and the additional 
maintenance and space for storage,” said 
Mr. Peters.

 Safety is also a concern with generated 
acetylene as more bottles are required on 
site, which means more piping and hook-
ups and an increased possibility for leaks. 
Praxair delivers cylinders that are trailer-
mounted and connected by a manifold 
to supply a continuous f low of chemical 
acetylene gas through one outlet to the 
customer’s use points. 

FACIlITy ClEANUP
Using chemical acetylene with DMF sol-
vent reduces cleaning steps, and parts 
distortion. Oxidation is also nearly elimi-
nated, reducing the formation of soot in 
carburization chambers. This is due to 
the fact that a lesser volume of gas is used 
compared with acetylene dissolved with 
acetone. 

Today, ALD Thermal Treatment’s 
vacuum carburization chambers are very 
clean. In the past, maintenance was re-
quired monthly on all thermal treatment 
chambers. Using chemical acetylene, less 
than a cup of carbon dust is collected 
from thermal treatment chambers during 
ALD’s three-month cleanup schedule.   
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FoR MoRE INFoRMATIoN about chemical 
acetylene gas, call Praxair 800-225-8247 or 
visit www.praxair.com. To learn more about 
Ald Thermal Treatments gear component heat 
treating processes, call 810-357-0682 or visit 
www.aldtt.net. 

Ald Thermal Treatment, inc. is a subsidiary 
of germany’s Ald Vacuum Technologies, a 
leader in the production of specialty metals and 
metallurgical vacuum furnace systems. The 
Port Huron, Michigan facility has more vacuum 
carburizing furnaces than any other heat treater 
in the world, with over 40 furnaces in one location. 
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Cures for Heat Treaters’ Headaches
By Curt Colopy

Heat treaters all over the world encoun-
ter similar problems with atmosphere 
furnaces. These problems not only cause 
operational headaches in the daily lives 
of  furnace personnel; they significantly 
affect the bottom line. The most com-
mon is creep distortion of  alloy com-
ponents under carburizing conditions, 
eventually leading to catastrophic failure. 
This paper explores both conventional 
and alternative material options. We will 
discuss what causes furnace component 
failure, and commercially available im-
provements or substitutes.

The practical selection of  alloys for 
atmospheric heat treating processes and 
alternative materials like monolithic ce-
ramics and ceramic composites, is an 
important topic for the heat treating in-
dustry. INEX introduced silicon-silicon 
carbide (Si-SiC) composites in 1988 and 
has developed valuable perspective on 
the selection of  metal alloys and compet-
itive materials for trays, baskets, fixtures, 
belts, chains, and, of  course, our main 
product focus in radiant tubes. Metal al-
loys and ceramic components used for 
the industry’s most common heat treat-

ing process, carburizing, are subjected to 
very high temperatures, substantial me-
chanical stress and severe atmospheric 
corrosion. 

An estimated 80% of  all heat treating 
activity is carburizing-related processes. 
Metallurgically, carburization not only 
occurs intentionally in the heat treating 
load, but unintentionally on a repeating 
or continual basis in the furnace’s metal 
alloy components. Belts and chains ex-
perience particularly hard mechanical 
duty since they see high tensile stress on 
a continual basis. However, radiant tubes 

A discussion of what causes furnace component failure and the commercially available 
improvements or substitutes.
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experience the most severe thermal ser-
vice since they see continual duty at the 
highest temperatures, typically 200°F 
(110°C) above than the process setpoint, 
as needed to transfer sufficient heat by 
thermal radiation.

Combustion occurring inside radiant 
tubes also subjects the metal or ceramic 
to continual oxidation since burners op-
erate with typically 10% excess air. This 
implies an oxygen content of  approxi-
mately 2% in the combustion exhaust 
gas at 1750°F (954°C) or higher.

While it is important to review the pro-
cess conditions that furnace components 
experience in Carburizing, we must also 
understand the corrosion and thermo-
mechanical performance of  the various 
material options available. Alloy and 
ceramic producers provide substantial 
data to support well-informed choices 
for process reliability and low life-cycle 

cost. Significant performance factors to 
review include 1) carburization resis-
tance, 2) oxidation resistance, 3) creep 
stress (deformation), and 4) creep rup-
ture. This data provides insight into the 
practical issues that affect lives of  heat 
treaters every day. 

Fig 1 dramatically shows what we typi-
cally deal with: relatively short service life 
and corresponding high life-cycle cost of  
expensive alloys that creep, distort, and 
rupture in just a year or two. Staring at 
this scrap pile a feeling of  hopelessness 
engulfs us and real improvement seems 
impossible; often we just install another 
tube or tray or belt and move on. The 
famous remark attributed to Albert Ein-
stein comes to mind: “Insanity is doing 
the same thing over and over again, and 
expecting different results.” Are there 
superior alloys, or alternative materials 
such as composites and ceramics that 
may perform even better than metals, 
available to improve both lifetime and 
life cycle cost?

There are subtle and often substantial 
differences in each heat treating opera-
tion; sometimes even between furnaces 
which do similar processing in the same 
facility. Metallurgical objectives, load 
materials, part size and shape, equip-
ment design and condition, atmospheric 
gases, and process temperatures vary 
considerably in carburizing processes. 
And it is not unusual for the same fur-
nace to be used for a number of  other 

heat treating processes. For example, 
carbonitriding loads frequently share a 
furnace that is otherwise used for carbu-
rizing. The point is there is no such thing 
as a universal heat treating furnace, and 
likely no single, best materials’ choice for 
trays, baskets, fixtures, belts, chains and 
radiant tubes.

Fig 2 presents a service-life survey of  
all types of  radiant tubes conducted by 
the Gas Research Institute in the mid 
1990s (the most recent data available). 
This survey did not differentiate between 
radiant tubes used for carburizing and 
those used in less aggressive heat treat-
ing processes or mixed service. The tubes 
lasting up to two or three years were 
probably carburizing for a large per-
centage of  the time. Those with life over 
three years likely saw lower temperature 
operation and more neutral atmospheres 
in service. Unfortunately, similar data is 
not available for other furnace compo-
nents.

ATMoSPHERIC CoRRoSIoN
In atmospheric carburizing the furnace 
interior is subjected to highly reducing 
conditions—a carbon-rich, high temper-
ature environment typically fed by endo-
thermic, methanol/nitrogen or similar 
gas sources. Over an extended period 
carbon diffuses further and further into 
the metal surface seriously embrittling 
the tray, belt or radiant tube. Selecting a 
higher nickel content alloy may decrease 

Fig 2: GRI study of alloy tube life.

Fig 1: Expensive alloys can creep, distort, and 
rupture in a short time.
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the rate of  carburization, but at higher 
material cost and an increased creep rate 
as we’ll see later.

Fig 3 shows a variety of  heat resistant 
alloys commonly used for trays, baskets, 
fixtures, belts, chains and radiant tubes. 
The left column shows the most common 
cast alloys with compositionally similar 
wrought “equivalents” shown in the col-
umn at the right. The relatively newer 
alumina-dispersed APM and AMPT al-
loys (hot-pressed and extruded) are also 
included. 

At the very bottom are two types of  
silicon carbide ceramics: Slip-Cast SiSiC 
available from a variety of  suppliers, and 
Si-SiC, a unique metal-matrix-composite 
(MMC) which is formed by melt-infiltra-
tion. INEX Si-SiC composite consists 
of  50 volume percent elemental silicon 
forming a continuous metal matrix, re-

inforced by independent SiC particles. 
Slip-Cast SiSiC is a reaction-bonded, 
monolithic ceramic where some of  the 
volume is filled with free silicon metal. 
Monolithic SiSiC ceramics are usually 
more expensive than Si-SiC compos-
ites, and both are used interchangeably. 
The high free silicon content of  both the 
Si-SiC composite and monolithic SiSiC 
ceramics makes these materials immune 
to carburization, practically eliminating 
atmospheric corrosion at temperatures 
less than 2450°F (1343°C). Unfortunate-
ly, it is not generally feasible to increase 
the silicon content of  most metal alloys 
because it limits the ability to form and 
weld these materials.

Fig 4 presents the carburization resis-
tance of  five common cast alloys: HK, 
HT, HU, HW and HX. Their perfor-
mance differs greatly by a factor of  four, 

from best case HW to worst case HK, as 
indicated by their weight gain over 1,064 
hours at1760°F (960°C). Generally the 
tendency to carburize is decreasing from 
the left side of  graph towards the right as 
the nickel content of  the alloy increases. 
While the test temperature is reflective 
of  actual carburizing process conditions 
at many heat treat facilities, keep in mind 
the radiant tubes actually operate at a 
significantly higher temperature, and for 
considerably longer service than 1,064 
hours (1½ months).

Excess combustion air as a source of  
oxidation inside radiant tubes was de-
scribed earlier. Practically speaking, air 
also enters the furnace load chamber 
from a variety of  sources including leaky 
seals or curtains, when the door opens 
to exchange loads and during week-
end burnout of  carbon build-up. This 
chamber-side oxidation also contributes 
to furnace alloy deterioration. However, 
Fig 5 shows the Oxidation Resistance of  
the same five cast alloys differs relatively 
little as indicated by surface penetration 
(in mm/year) of  air exposure at 1832°F 
(1000°C).

Summarizing recommendations for 
atmospheric corrosion: 1) Resistance to 
carburization is a greater factor in metal 
alloy selection than oxidation. 2) Consid-
er upgrading to HU~333, HW~600 or 
HX~602 if  the increased cost can be jus-
tified. However, there is a likely trade-off  
with Creep Stress performance as shown 
in the next section. Finally, 3) SiC com-
posites and ceramics are immune to car-
burization and have excellent creep per-
formance. These should be considered 
as substitutes for expensive high-nickel 
content alloys to reduce replacement fre-
quency and life-cycle cost.

THERMo-MECHANICAl CREEP 
PERFoRMANCE
Fig 6 provides an introduction to creep 
performance for metal alloys using cast 
HT as an example. The three dark, 
dashed curves show the mechanical 
stress in KPSI (or MPa on the right-hand 
axis) required to deform an alloy sample 
0.01% in one hour, 0.001% in one hour 
and 0.0001% in one hour as plotted from 
the top-down respectively. These short-
term deformation curves clearly demon-
strate how the combination of  applied 
stress and temperature affect the degree 
of  creep. The solid curve is a long-term 

Fig 3: Alloys for carburizing service.

Fig 4: Carburization resistance.
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test showing the stress and temperature 
required to actually rupture a sample at 
10,000 hours (1.14 years of  continuous 
duty). Note how the solid 10,000-hour 
rupture curve roughly corresponds to the 
dashed short-term deformation curve for 
0.0001% per hour. Rupture occurrence 

at 10,000 hours X 0.0001%/hr corre-
sponds to about 1% total deformation 
at catastrophic failure, typical for duc-
tile metals. In heat treating, mechanical 
stress is supplied by the parts loaded in 
the tray or fixture, along with weight of  
the tray, fixture or radiant tube itself. 

The structural design of  the alloy com-
ponent and its mounting system are also 
significant factors in the degree of  ap-
plied stress. 

Fig 7 compares the creep performance 
for the all five cast alloys at 0.0001% per 
hour. At 1800°F (982°C) and above, HT, 
HW, and HX all have similarly low resis-
tance to creep, with HW and HX having 
better carburization performance (per 
Fig 4). Both HK and HU have some-
what greater resistance to creep stress 
at 1800°F; however, HK is the most sus-
ceptible to carburization. While APM 
and APMT alloys have excellent high 
temperature corrosion resistance, their 
creep performance is relatively poor 
in this temperature regime. This alloy 
manufacturer recommends intermediate 
supports for horizontally-mounted APM 
and APMT radiant tubes longer than 48 
inches (1.2 meters). 

An obvious trade-off  emerges and we 
must ask: What is the most critical, life-
limiting factor for the specific combina-
tion of  process conditions and furnace 
component stresses? To improve life-cy-
cle cost one must evaluate whether em-

Fig 5: oxidation resistance.
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brittlement due to carburization, or de-
formation/rupture due to creep is the 
greater problem. Again, keep in mind 
that the actual surface temperature of  
radiant tubes is up to 200°F (110° C) 
hotter than the process setpoint, so they 
are especially prone to creep failure. 

Fig 8 presents alloy creep curves for 
actual rupture at 10,000 hours (1.14 
years). This chart shows that all metal 
alloys eventually fail above 1800° F 
(982°C) at relatively low levels of  ap-
plied stress. Fig 9 enlarges the lower 
right corner for a more detailed view. 
At 1832°F (1000°C) the maximum 
stress at rupture is about 1,600 PSI 
(11 MPa) for all metal alloys typically 
used in heat-treating. This is an appro-
priate temperature for alloy selection 
when designing trays and fixtures for 
carburizing service. For radiant tubes 
operating at 2032°F (1110° C) these 
same alloys rupture at below 700 PSI 
(5 MPa). This approaches the stress 
induced in a metal radiant tube by 
simply supporting its own weight when 
horizontally-mounted at each end. 
Note this is the manufacturer’s data 
for new alloys as-supplied—not weld-
ed, not carburized, and not thermally-
cycled.

Fig 10 provides photographic creep 
evidence from an unconventional per-
spective comparing Si-SiC composite 
with high-nickel 600 alloy. The 600 
tube at the right is pictured after just 
one hour at 2462°F (1350° C), while 
the Si-SiC composite tube on the left is 
shown after 360 hours under the same 
conditions. At this extreme tempera-
ture no creep deformation, distortion 
or rupture is observed for the INEX 
tube. 

Fig 11 shows the calculated structur-
al stresses for various unloaded, hori-
zontal tubular beams simply supported 
at both ends. These are induced stress 
plots for horizontal radiant tubes due 
to their own weight. The lower black 
lines are for three standard size Si-SiC 
composite tubes, which weigh only 
1/3 that of  comparable metal tubes, 
and are therefore subject to far less 
stress. The upper lines are standard 
alloy tube sizes proceeding top-down 
from smaller to larger diameter. Tube 
lengths ranging from 120 to 24 inches 
(3.0 to 0.6 meters) are shown left to 
right on the horizontal axis. As expect-

Fig 7: Cast alloy creep performance.

Fig 8: Alloy stress to rupture at 10,000 hours.

Fig 6: Interpretation of creep curves.
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ed, the unloaded stress increases with 
length, and decreases with larger tube 
OD. At a middle length of  72 inches 
(1.8 meters) the stresses range from 105 
to 255 PSI (0.7 to 1.8 MPa) depend-
ing on diameter. This is only one third 
the tolerable stresses for the new alloys 
shown in Fig 9—not much of  a safety 
margin against a lifetime subject to the 
thermal and corrosive severity of  carbu-
rizing conditions. Sizes for size, Si-SiC 
composite tubes are subject to much 
lower stress and have a negligible creep 
rate.

SUMMARy
Selecting the best alloys for heat-treat-
ing trays, fixtures, and radiant tubes is 
not a straightforward task. While a wide 
variety of  metal alloys are available for 
carburizing service, each involves a dif-
ferent trade-off  between atmospheric 
corrosion and creep performance. Your 
choice depends on specific process con-
ditions and which properties are most 
critical to improving life performance 
and life cycle cost. Si-SiC composites 
and slip-cast SiSiC offer excellent per-
formance resisting both corrosion and 
creep. The trade-off  against these ad-
vanced ceramic materials is fracture 
toughness, i.e. susceptibility to mechani-
cal impact. However, when properly 
installed, Si-SiC composites last indefi-
nitely, usually exceeding the life of  the 
refractory lining, and sometimes outlast-
ing the furnace itself.

Examine the options for your specific 
process conditions and objectives. Con-
sider the expense of  downtime, mainte-
nance labor, and lost production time in 
addition to the replacement cost of  the 
trays, fixtures, and radiant tubes them-
selves. Making better material choices 
improves your process while reducing 
operational costs and headaches. 
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Improving Production Safely with 
Integrated Heat Treat and Quenching Cell 
By Pete Komrowski and Chris Marinucci 

These aspects are not just requested, but in-
creasingly required by industrial clients look-
ing to install new thermal systems or expand 
or enhance existing processes at their manu-
facturing facilities. This was particularly true 
of  a global manufacturer for the aerospace 
industry in need of  a custom-designed, ful-
ly automated heat treatment and material 
handling system. In early discussions with 
DentonTSI™ thermal solutions by O’Brien 
& Gere, this manufacturer presented an on-
going challenge: As a supplier of  aircraft 

components, its new process had to meet the 
requirements of  Aerospace Material Specifi-
cation 2750 (AMS-2750) and be capable of  
achieving National Aerospace and Defense 
Contractors Accreditation Program (NAD-
CAP) certification. 

Adding to the manufacturer’s challenge 
was the manual operation of  its existing 
process. Just two production staff  members 
moved parts weighing up to 50 lbs. into a 
2,200˚F furnace. Once the temperature was 
reached, the production staffers continued 

the manual process by pulling parts from the 
furnace with tongs and transferring them to 
a quench for rapid cooling. In between the 
furnace and quench, heat was lost during the 
manual transfer to the press. This labor-in-
tensive process needed to be safer to mitigate 
employee health risk and improved to elimi-
nate time and quality issues associated with 
manual operation. 

To improve production safety, quality, and 
reliability, an integrated DentonTSI™ heat 
treat and quenching cell with fully-automat-

Heat treaters are always looking for methods to improve productivity. Integrating 
equipment and processes that are safe and cost-effective result in improved production 
quality and reliability.
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ed instrumentation and controls was deemed 
the best solution. The new system was de-
signed to complement the existing processes 
and was installed at the client’s manufactur-
ing facility in Asia. This facility was already 
AMS-2750-compliant and had the capabil-
ity to achieve NADCAP certification. 

Integrating custom and standard equip-
ment with complete automation provided 
added advantages. Automation lessened risk 
of  burns and lifting strains to production 
staffers as the responsibility of  part manipu-
lation shifted from the operators to the ro-
bot. Automation also delivered the consistent 
transfer time needed between the furnace 
and quench units. The result: consistent pro-
cess reliability. 

CUSToM SolUTIoN IMPRoVES 
PRoDUCT UNIFoRMITy AND SySTEM 
EFFICIENCy 
To design a custom, integrated heat treat and 
quenching cell, the existing process must first 
be assessed. The heat treating process, which 
involves heating a metal component under a 

protective atmosphere before the component 
is transferred to a fixture quench, is compli-
cated when different parts of  varied shapes 
and sizes are run through. Here, each part 
to flow through the cell must be evaluated 
to determine how it interfaces with each 
equipment component. By bringing a high 
degree of  automation to the cell, the inevi-
table human variability is removed from the 
equation. The end result is improvements in 
product uniformity and overall system effi-
ciency. 

From the start, it was clear for this par-
ticular industrial manufacturer that the parts 
would need to run through the cell in a single 
piece flow process in order for data collection 
and report generation on serialized parts to 
meet client specifications. In determining 
equipment needs, each cell component was 
inspected to establish whether the broad 
product range could run on commercially 
available equipment, or whether a custom 
solution was needed. 

The major components of  the Denton-
TSI™ system included an infeed conveyor, 
robot, end-of-arm tooling (EOAT), furnace 
with atmosphere system, quench press, and 
exit wash conveyor (Fig. 1). Based on evalu-
ations, the infeed conveyor, robot, and exit 
wash conveyor could be used with minimal 
modification. The remaining components 
would be customized with all components 
working seamlessly together. 

The infeed conveyor was a standard con-
veyor with universal platens. A ring added 
to each of  the platens allows the operator to 
center the part on the platen. Once centered, 
the operator can simply press the index but-
ton to send the part into the cell. A precision 
stop mechanism allows locating the part in 
a consistent spot for the robot to pick it up. 
For the robot, a FANUC R-2000iB/210F 
was selected for its compact size and payload 
capacity to meet the required process cycle 
times. 

Because the EOAT needed to handle all 
parts from 5 lbs to 50 lbs, in cold and hot 
states, and without a tool change, a custom-
designed servo-driven tool was selected. The 
servo-driven actuator provides position and 
torque feedback, allowing for fine-tuning the 
process for individual parts and the ability to 
compensate for the expansion of  parts from 
cold to hot states. 

The furnace type that best fit the single 
piece flow model was the rotary hearth fur-
nace. With multiple hearth positions, the 
control system can automatically optimize 
the process based on the furnace soak and 
the quench time requirements. Traditionally, 
rotary hearth furnaces have utilized an oil 
trough to seal the furnace from outside at-
mosphere infiltration. This design, however, 
often overflowed oil onto the floor during 
an over pressurization event, creating a fire 
risk. To eliminate this risk for the customer, 
a DentonTSI™ rotary hearth furnace with a 
sealed base was designed. 

An added concern for heat treaters is 
quick atmosphere recovery after adding or 
removing parts from furnaces. The existing 
process used a box furnace in which atmo-
sphere recovery often took more than five 
minutes. With the rotary hearth furnace, 
there would be multiple parts inside at differ-
ent points in their soak cycle. As large swings 
in the atmosphere are unacceptable, the new 
atmosphere system design allowed for var-
ied atmosphere flow around the door cycles. 
The operator would be able to adjust flow 
and duration of  the high-flow event. 

To provide uniform quenching of  the 
entire product range with minimal tooling 
change, a universal platen system was de-
signed to accept the custom tooling for each 
part. With this design, the only modifica-
tion required between parts is a simple tool 
change. 

Finally, due to the compact size of  the cell 
and the uniform flow pattern desired, an 
eductor system was chosen over the tradi-
tional agitator system often used in quench 
tanks. Eductors are positioned in the tank 
to provide uniform flow for the range of  
part sizes, while keeping the overall tank 
size small. The eductor flow could be ad-
justed, allowing users to modify the degree 
of  quench based on the needs of  particular 
part geometry. This design, with the quench 
oil heating and cooling system, maintains oil 
temperatures regardless of  the size or weight 
of  the part. 

In the last step of  the process, the robot 
transfers parts to the wash conveyor for 
quench oil removal. 

CoNTRol SySTEMS INTEGRATIoN FoR 
FUll AUToMATIoN 
With the integrated heat treatment and mate-
rial handling system development underway, 
it was time for the DentonTSI™ / O’Brien 
& Gere control systems integration team to 

Figure 1: Part transfer from the infeed conveyor to 
the rotary hearth furnace.
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automate the cell. For increased production 
safety and quality and to achieve a more ef-
ficient manufacturing process, an intelligent 
robot-based system was integrated into the 
application. Incorporating the robot instead 
of  a custom manipulator reduced the engi-
neering effort required for the project and 
the testing time required to make the ther-
mal system operational (Figure 2). 

Based on outlined specifications, the fol-
lowing controls hardware was selected: 

• Honeywell Flame Safety 
• Allen Bradley Guard Logix Safety platform 
• PanelView Plus V6 operator interface 
• FANUC R2000iB/210F six axis robot 

The team then focused on safety, a high 
priority for the client, by addressing Na-
tional Fire and Protection Agency (NFPA) 
86 flame safety and Robotic Industries 
Association (RIA) R15.06 Safety Stan-
dard Compliance requirements. Rockwell 
GuardLogix safety controllers offered safety 
and integrated motion, supporting door 
limit switches, flame safety permissives, and 
emergency stops in the same SIL-3 rated 
controller. Safety logic and hearth servo 
commands eliminated the need for separate 
hardwired personnel or flame safety relay 
inputs. 

Various factors also were considered 
when designing the EOAT, a critical ro-

botic system component. With small part 
batches, minimal change was required for 
efficiency. The parts to be run were round 
with a total outer diameter variation of  
eight inches, and the final tooling design 
could accommodate the full part spec-
trum. In addition, the servo-driven actua-
tor reduced the stroke and gripper cycle 
time, while the servo-controlled auxiliary 
axis of  the robot simplified adjustments to 
the gripping position. 

Finally, to meet the NADCAP certifi-
cation requirements, an extensive data 
collection system was developed to track 
critical process parameters. The system 
logs process information, such as temper-
ature, carbon potential, and part tracking, 
to generate reports that meet the AMS-
2750E standard. In addition to main-
taining process quality, the alarm and 
operational data obtained can be used 
to improve uptime and plan equipment 
maintenance. 

The heat treatment and material han-
dling system was designed, fabricated, and 
tested at O’Brien & Gere’s manufacturing 
and technology development facility in 
Syracuse, N.Y. All related equipment, in-
cluding the furnace, atmosphere, quench, 
washer, and robot with safeguarding, was 
installed and tested as a cell. This allowed 
for verifying functionality and the opera-
tor interface before the equipment was 
disassembled, shipped, and reassembled 
at the manufacturing facility in Asia. 

CoNClUSIoNS 
As heat treaters continue to look for methods 
to improve productivity and maintain quality 
and uniformity, processes that are safe and 
cost-effective are the key. Integrated solu-
tions for custom-designed, fully automated 
thermal systems are an increasingly popular 
choice for the industrial manufacturing in-
dustry (Figure 3).   

ABoUT THE AUTHoR: Peter komrowski (Pete.
komrowski@obg.com) is a product manager 
and Chris Marinucci (Chris.Marinucci@obg.com) 
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The Control System integrators Association (CSiA) 
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that seeks to advance the industry of control 
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and their clients. For more information, visit www.
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Figure 3: The custom-designed, fully-automated heat treatment and material handling system .

Figure 2: Factory acceptance testing with atmosphere .



This machine is currently being used to 
heat and die quench spiral bevel ring 

gears up to 500mm in diameter. 

This machine is designed with an automatic conveyor 
and loading system to continuously heat, die quench, 
and temper 500mm rings. This unit has an EFD 400kW 
output supply with a 1.7-3.0 kHz frequency designed 
for deep and fast heat penetration which allows rings to 
be heated and die quenched in just minutes. This sys-
tem is setup to convey quenched parts to and through 
a continuous Apar IPSEN tempering and preheat elec-
tric furnace with a 36” x 48” opening with a 3,000 lb 
load capacity. This unit also comes complete with its 
own outside cooling system and monitoring to ensure 
flow, min/max pressure, and min/max temperature. Con-
version available to make this unit a Heat and Quench 
station with variable high frequency independant of the 
Die Quench. Call for special pricing and details!

MACHINE SPECIFICATIONS:
• Output Supply 400kW
• Frequency 1.7-3kHz
• Max Diameter 500mm (800mm optional)
• EFD Power Supply
• Power Requirements 3 x 480v - 60Hz - 570KVA
• Dimensions (L x W x H) 1790mm x 1200mm x 1730mm
• Weight 15500 kg

866.256.3708
820 Cochran Street  •  Statesville, NC 28677
F: 704.872.5777   •  sales@rpmachine.com 

www.rpmachine.com

Complete Induction & Die Quench System                                                                

              
             f

or Bearings and Gears



54  |  Thermal Processing for Gear Solutions

Simulation of Gas Quenching  
of Steel Parts
By B. Lynn Ferguson, Zhichao (Charlie) Li, and Andrew M. Freborg

One major difference between immersion 
quenching and gas quenching is the pres-
ence of  boiling during the early stages of  
quenching in oil or water. The formation 
of  a vapor phase has a significant effect on 
the overall and local heat removal rate from 
the parts being quenched and also on part 
distortion. With the absence of  a quenchant 
phase change, gas quenching is reported 
to result in more uniform heat extraction, 
thus lessening part distortion. However, gas 
quenching is not without inherent problems. 

Non-uniform gas flow around a part con-
tributes to non-uniform cooling at different 
locations, and this in turn contributes to 
distortion. In particular, a thin walled ring 
gear was found to be prone to distortion 
due to difficulties in achieving uniform gas 
flow during quenching. Process variables 
investigated were fan speed and cooling du-
rations for different quenching stages. The 
intent was to reduce distortion by control-
ling the overall gas velocity through adjust-
ment of  the fan speed, whereby the local 

cooling rates could be controlled to better 
accommodate the dimensional change as-
sociated with steel phase transformations 
during quenching. 

INTRoDUCTIoN
Vacuum carburization followed by gas 
quenching of  steel parts has become more 
widely used by the heat treat industry over 
the past decade. Compared to the tradition-
al gas carburization process, vacuum carbu-
rization reduces furnace time and generally 

With the absence of a quenchant phase change, gas quenching can result in more 
uniform heat extraction. However, gas quenching is not without inherent problems.
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provides improved control of  the carbon 
profile in the case [Iwata, 2005]. Two main 
gases used as carbon sources are acetylene 
and propane. The tremendous effects of  
carbon in iron on hardness, strength, and 
hardenability are well known; the carbon 
content strengthens iron and changes the 
kinetics of  austenite decomposition. For 
example, higher carbon content increases 
the incubation time for the start of  bainite 
formation, while also decreasing the bainite 
formation rate. Higher carbon content also 
depresses the martensite phase transforma-
tion starting temperature. The effect of  
carbon content on phase transformations 
directly affects the internal stress condi-
tion during a quenching process. Because 
the vacuum carburization process provides 
flexibility in control of  the carbon profile in 
the case, it is possible to optimize the vacu-
um carburization boost/diffuse schedule to 
improve the residual stress state in carbu-
rized and quench-hardened parts. 

Most commercial gas quenching pro-
cesses use high-pressure nitrogen as the 

quenching medium. Compared to tra-
ditional oil quenching, gas quenching is 
environmentally friendly and produces 
parts with clean surfaces, so washing after 
quenching is not required and quenchant 
disposal is a non-issue. Claims that gas 
quenching can provide more uniform cool-
ing and less distortion than liquid quench-
ing are generally accepted. However, care 
has to be given to the quenching chamber 
design, quenching process parameters, rack 
design, orientation of  the parts, and the al-
loy hardenability. Quenching in chambers 
without reasonable gas flow uniformity 
can produce more distortion than liquid 
quenching. Gas quenching without enough 
cooling power to meet the commercial load 
demands can produce significant variance 
of  distortion among parts at different loca-
tions in the rack, let alone not meet hard-
ness requirements in all parts of  the load.

Due to the combination of  inherent 
thermal gradients and the material volume 
change associated with steel phase trans-
formations, a certain level of  dimensional 
change is inevitable in quench-hardened 
parts. However, distortion can be reduced 
to an acceptable level by improved con-
trol of  carburization and quenching pro-

cesses [Li & Grandhi, 2006]. The effects 
of  gas flow and cooling rate on distortion 
of  a vacuum carburized and gas quenched 
thin walled ring gear were investigated us-
ing a combination of  numerical analysis 
and experimentally measured temperature 
histories at selected locations in the parts 
themselves and within the racked parts. 
DANTE, a finite element-based heat treat-
ment simulation software, was used for the 
numerical analyses. Modelling results for 
several cooling practices and predicted 
changes in dimensions of  the ring gear are 
presented.

PHASE TRANSFoRMATIoN KINETICS
The ring gear was made of  AISI 5130 steel 
with a nominal chemical composition of  
0.83%Mn, 0.22%Si, 0.15%Ni, 0.80%Cr, 
0.04%Mo, and 0.30%C (% indicates per-
centage by weight). The gear was carbu-
rized on all surfaces, so it is necessary to 
characterize the phase transformation ki-
netics over the range of  carbon levels in the 
part in order to model the heat treatment 
process. In previous work, dilatometry ex-
periments were conducted for the base car-
bon level and several intermediate levels up 
to 0.8% carbon for this steel grade [Fer-

Fig 2(a): Ring gear solid model. (b): Plane strain 
finite element model.

Fig 1(a): length strain vs. temperature for 
continuous cooling of AISI 5140 sample 
showing martensite formation (b) Isothermal 
Transformation (TTT) Diagram for 5130 Steel 
Generated from DANTE Database. 
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guson & Dowling, 1997]. Fig 1(a) shows a 
dilatometry curve for a continuous cooling 
experiment for an AISI 5140 steel sample. 
The phase transformation kinetics parame-
ters for both martensitic and diffusive phase 
transformations were determined from such 
dilatometry data and have been stored in 
the DANTE database. Isothermal and con-
tinuous cooling phase transformation dia-
grams, i.e. TTT and CCT curves, can be 
generated from these parameters, as shown 
by the TTT curve in Fig 1(b) for AISI 5130. 
These diagrams can be generated to assist 
in planning the heat treatment schedule for 
a given alloy and part geometry. 

RING GEAR GEoMETRy AND FINITE 
ElEMENT MoDEl
A solid model of  the ring gear used in this 
study is shown in Fig 2(a). The outer diam-
eter of  the gear is 165mm, the inner (tip) di-
ameter is 141mm, and the height is 20mm. 
There are a total number of  97 inner teeth, 
as shown. During the gas quenching pro-
cess, thermal conduction through the thin 
wall (radial direction) is the dominant heat 
flow direction. Prone to distortion due to 
the thin wall, the main distortion mode is 
out-of-round distortion.

To effectively and efficiently predict the 
out-of-round distortion, a two-dimensional 
plane strain model was developed, as shown 
in Fig 2(b). The finite element model con-
tains 8,010 nodes and 7,380 quadrilateral 
elements. To improve the calculation accu-
racy, fine surface elements are used where 
there are steep thermal, stress, and carbon 
gradients. Boundary conditions and mate-
rial models were defined to simulate the 

vacuum carburization and high pressure ni-
trogen gas quenching process steps.

VACUUM CARBURIzATIoN
The required case depth for this gear was 
0.5mm, with the case depth defined as the 
distance from the surface to a depth with 
carbon level of  0.4%. The aim surface car-
bon was 0.85%. For this gear, acetylene was 
used as carburizing gas. DANTE-VCARB, 
a finite element analysis tool, was used to 
determine a boost/diffuse schedule for the 
vacuum carburization process that would 
meet the surface carbon and case depth 
requirements. The vacuum carburization 
schedule determined is shown in Fig 3. The 
total boost time is 770 seconds and total 
furnace time is 3750 seconds, with the car-
burization temperature being 950 C.

The predicted carbon distribution after 
carburization is shown in Fig 4(a). The car-
bon contents of  the outer diameter surface, 
the gear root surface, and the gear tip sur-
face have significant differences due to ge-
ometry, as shown in Fig 4(b). 

MoDEllING DISToRTIoN DURING 
GAS QUENCHING 
High pressure gas quenching of  loaded 
racks of  ring gears resulted in out-of-round 
distortion of  many gears. The thought was 
that non-uniform cooling around the cir-
cumference of  the gear was the cause of  
this distortion. Measured cooling histories 
of  several gears at different locations in 
the rack showed that temperature non-uni-
formity was an issue. The particular gear 
discussed in this paper was instrumented 
with six thermocouples located in the gear 

at mid-height position, spaced every 60 de-
grees around the circumference. The tem-
perature histories were supplied to DCT 
for reference. To model the cooling process, 
the surface of  the gear was divided into 
six equal surface sections that were cen-
tered around the thermocouple locations as 
shown in Fig 5(a). Thermal boundary con-
ditions were applied to each section, includ-
ing both OD and ID surfaces.

Six pairs of  nodal points as shown in Fig 
5(b) were used to calculate the out-of-round 
distortion. The intent was to document dis-
tortion caused by shape change and size 
change. Size change is consistent in general 
and can be compensated by adjusting the 
green geometry during gear design. Shape 
change is the undesirable distortion. After 
gas quenching, the distances between each 
pair of  nodes were calculated, and the out-
of-round distortion was defined as the dif-
ference between maximum and minimum 
distances. 

The gears were carburized in a 
carburization chamber, and then transferred 
to a quenching chamber within 50 seconds. 
The temperature dropped about 50°C 
during this transfer period. Predicted 
cooling curves that coincided with three 

Fig 3: Vacuum carburization schedule showing boost and diffuse times for carburizing at 950 °C.

Fig 4: Geometry effect on predicted carbon 
.distribution. (a) Carbon weight fraction distribution
(b) Carbon distribution curve plots.

 (a)

(b) 
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thermocouple (TC) locations when quenching this gear with 20 bar 
nitrogen at fan speeds of  40% and 100% of  full speed are shown 
in Fig 6(a). The three locations were separated by 120 degrees of  
arc, and TC #1 and TC #5 had the fastest and slowest cooling 

rates among the six TCs. Heat transfer boundary conditions 
were determined, assuming the ring gear could be described by 
six uniformly sized circumferential sections. Fig 6(a) shows the 
predicted cooling curves for the three locations. Further details 

Fig 5(a): Thermocouple locations and six defined ring gear surface sections. (b) Nodal positions and diameters used to define out-of-round distortion.
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about the gear position and racking arrangement with other gears 
cannot be presented due to proprietary issues.

The latent heat effect for this gear geometry and steel grade 
was significant, and it was accounted for in the computer models. 
Fig 6(b) shows predicted cooling curves at 40% fan speed for 
models with and without latent heat evolution during the phase 
transformation. The additional energy due to latent heat released 
by the phase transformation at the TC locations is evident by 
the slope change in respective cooling curves. The predicted 
temperature difference caused by latent heat is more than 50C, 
which significantly contributes to the final distortion of  the gear.

GAS QUENCHING PRoCESS oPTIMIzATIoN
One approach for minimizing distortion was to divide the gas 
quenching process into stages; Fig 7(a) shows this schematically 
for three stages. In this manner, the gas quenching process can 
mimic an interrupted quench. The heat transfer rates in each 
stage can be controlled by changes in pressure, fan speed, or 
both. In this case, fan speed and application time were used. The 
lower bound of  fan speed was 40%, and the higher bound was 

100%. The heat transfer boundary conditions for both 40% and 
100% fan speeds were fit using the supplied experimental data as 
a reference. Heat transfer coefficients and ambient temperatures 
for fan speeds between these speed limits were calculated using 
linear interpolation. 

Fig 6(a): Predicted cooling curves at three locations around the ring gear for 
fan speeds of 40% and 100% of maximum. (b) Predicted cooling curves at three 
locations for models with and without latent heat released during the phase 
change.

Fig 7(a) Schematic plot showing three stages of cooling. (b) Flow chart for 
optimization of the gas quenching process.
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The first stage of  cooling was aimed at cooling at a sufficient 
rate to avoid transformation to unwanted phases of  pearlite and 
ferrite. The aim of  the second stage was to use a slow fan speed to 
retard heat loss and allow thermal conduction within the gear to 
reduce any temperature differences. The third stage would then 
resume fast cooling, i.e. high fan speed. There are a total of  four 
design variables (DV) in this optimization model, and they are: the 
fan speed of  stage 1, cooling duration of  stage 1, duration of  stage 
2, and fan speed of  stage 3. The objective function is to reduce the 
out-of-round distortion. System constraints included the required 
surface and core hardness values. However, for this steel grade, 
the hardness requirement could be satisfied by even the slowest 
fan speed of  40%, so the constraints were not activated. Fig 7(b) 
shows the optimization strategy, where design variables, fan speed 
and time in this case, could be adjusted after determining from 
a model how that combination affected distortion. The design 
variables were updated for each optimization iteration using a 
sensitivity analysis method in an attempt to minimize distortion. 

Fig 8 shows the results for the predicted effects of  first stage 
and second stage hold times on final distortion. The graphs 
include results for both the 40% and 100% fan speeds in first 
stage cooling, and the differences are noticeable. Fig 8(a) shows 
that a small difference in first stage hold time difference can result 
in large difference in final gear distortion. For example, for a 40% 
fan speed in first stage cooling, a change in first stage cooling time 
from 22.3 seconds to 23.3 seconds is predicted to change the ring 
out-of-round distortion significantly from 0.12mm to 0.28mm. 
Similar wide variations in distortion are predicted as the first 
stage cooling time is increased. Large distortion differences due 
to a small process change indicate a process that is difficult, if  not 
impossible, to control. 

In Fig 8(b), the effect of  the hold time in stage 2 is compared 
for two different first stage cooling routes. For both first stage 
conditions, second stage hold time is predicted to affect the 
final distortion in a difficult to control manner. While the graph 
shows that a second stage holding time duration for minimum 
distortion can be predicted, the ability to precisely control the 
abrupt changes in cooling conditions in practice as opposed to in 
the model is doubtful.

The reason for high sensitivity of  distortion to the quenching 
process is documented in Fig 9(a). The predicted ring gear shape 
is shown for both 22.3 seconds and 23.3 seconds of  first stage 
cooling. Recall that Fig 8(a) showed that these particular first stage 
cooling times were predicted to produce widely different final 
distortions. What Fig 9(a) shows is that because of  non-uniform 
cooling, the one second of  additional cooling from 22.3s (blue 
shape) to 23.3s (red shape) produces 15% martensite formation 
on one sector of  the ring. This unbalanced martensite formation 
causes ring gear distortion to develop. Fig 9(b) shows the final 
distorted rings at the end of  cooling per the models reported 
in Fig 8(a). The out-of-round due to non-uniform cooling and 
resultant non-uniform phase transformation is greater for a recipe 
with first stage cooling that is just 1s longer than a recipe with a 
22.3s first stage cooling time.

DISCUSSIoN
The measured cooling curves for three locations clearly show the 
cooling non-uniformity that was present in this particular ring 
gear during 20 bar nitrogen gas quenching. The modelling at-

tempt was to optimize the cooling practice by adjusting the fan 
speed and hold time for three arbitrary stages of  quenching so 
that distortion would be minimized. By controlling fan speed and 
cooling time, the models predict that distortion can be minimized 
in theory for this geometry and steel grade. However, practical 
considerations suggest that the sensitivity to timing is too great to 
achieve success strictly by controlling fan speed and application 
time. Other variables need be examined to determine their effect 
on distortion, and how effectively they can be controlled. These 
other variables include gas pressure, alloy composition, and the 
use of  gas flow deflectors or vanes to improve the uniformity of  
cooling.

The uniformity of  cooling is a big issue for gas quenching 
processes. Merely eliminating a quenchant phase change does 
not guarantee uniformity of  cooling and low distortion. In gas 
quenching, the uniformity of  gas flow around each part in the 

Fig 8(a): Effect of first stage cooling time and fan speed on final distortion. (b) 
Effect of second stage holding time on final distortion for two different first 
stage cooling conditions.
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rack is important. Also, the temperature pick-up by the gas as it 
circulates through the rack and removes heat from the parts is sig-
nificant, as this changes the cooling power of  the gas. High pres-
sure improves heat transfer in part because the gas can extract 
more heat from the parts being quenched—there is more quen-
chant mass with increased gas pressure. Likewise, gas velocity is 
important to move heated gas quickly away from parts so colder 
gas can sustain quenching. Examination of  modelling results un-
derscores the importance of  pressure, velocity, flow uniformity, 

and gas temperature on quenching uniformity and minimization 
of  distortion during gas quenching.

SUMMARy
Heat treat process simulation was used to model the vacuum car-
burization and high pressure gas quenching of  a carburized 5130 
steel ring gear. The thin walled ring gear suffered significant out-
of-roundness, and modelling was performed with the intention of  
determining process conditions that would lessen the out-of-round 
distortion. For this case, the optimization methodology sought to 
control cooling rate and temperature uniformity so that the phase 
transformation of  austenite to martensite would occur uniformly 
within the part. However, the results showed that fan speed con-
trol and timing were not sufficient alone for achieving uniform 
cooling. While out-of-round conditions could be improved, the 
process sensitivity was too great to achieve a practical recipe that 
would produce consistent results. Other variables must be includ-
ed in the drive for greater uniformity of  quenching.

Although not presented in this paper, the included thermocou-
ple data and the additional thermocouple data directly show the 
non-uniformity in quenching this rack of  ring gears. Computa-
tional fluid dynamics modelling of  the quenching process would 
be a welcome step in better understanding gas quenching and in 
providing directions for process improvement.   
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Fig 9: Ring Gear Distortion.  (a) Shape change for recipe 1 at 22.3 and 23.3 
seconds of cooling. (b) Final out-of-round differences for a stage 1 cooling 
difference of 1 second.
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support.

B. lynn Ferguson is founder and president of dCT. He is a graduate of 
drexel University where he earned a B.S. in Metallurgical engineering 
and M.S. and Ph.d. in Materials engineering. over the past two decades 
he has been extensively involved in simulation of mechanical and 
thermal processes using computer-based tools such as the f inite 
element analysis.

Andrew Freborg has a B.S. degree from illinois institute of 
Technology in Metallurgical engineering and a M.S. degree from 
University of Akron in Mechanical engineering. He is also a registered 
Professional engineer in ohio. Andy heads most of dCT’s metallurgical 
projects and specializes in steel metallurgy issues associated with 
heat treatment processes.
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Batch Ovens & BOx tempering Furnaces
8” 18” 8”  Lucifer  Elec. 1250 F.   reF #103
12” 16” 18”  Lindberg  Elec. 1200 F. reF #103
12” 16” 18”  Lindberg (3) Elec. 1250 F. reF #103
12” 18” 12”  Lucifer Elec 1250 F. reF #103
14” 14” 14”  Gruenberg -Solvent Elec. 450 F. reF #103
15” 24” 12”  Sunbeam (N2) Elec. 1200 F.  reF #103
19” 19” 19”  Prec.Scientific Elec. 617 F.  reF #103
20” 18” 20”  Blue-M (2) Elec. 400 F.  reF #103
20” 18” 20”  Blue-M (2) Elec. 400 F.  reF #103
20” 18” 20”  Blue-M (Inert) Elec. 600 F.  reF #103
20” 18” 20”  Despatch (Solvent) - 2 Avail Elec. 650 F.  reF #103
20” 18” 20”  Blue-M Elec. 800 F.  reF #103
20” 18” 20”  Blue-M Elec. 1200 F.  reF #103
20” 20” 20”  Grieve Elec. 500 F.  reF #103
20” 20” 20”  Michigan/Grieve Elec. 1000 F.  reF #103
20” 20” 20”  Grieve Elec. 1250 F  reF #103
24” 24” 36”  New England Elec. 800 F.   reF #103
24” 26” 24”  Grieve Gas 500 F.   reF #103
24” 36” 24”  Demtec (N2) Elec. 500 F.   reF #103
24” 36” 24”  Grieve Elec. 850 F.   reF #103
24” 36” 24”  Paulo Gas 1250 F.  reF #103
25” 20” 20”  Blue-M Elec. 650 F.   reF #103
25” 20” 20”  Blue-M Elec. 650 F.   reF #103
25” 20” 20”  Blue-M - Inert Elec. 1100 F.   reF #103
25” 20” 25”  Gruenberg Elec. 500 F.   reF #103
26” 26” 38”  Grieve (2) Elec. 850 F.   reF #103
28” 24” 18”  Grieve Elec. 350 F.   reF #103
28” 48” 28”  Wisconsin (3) Elec. 800 F.   reF #103
30” 30” 30”  Hevi-Duty Elec. 1500 F.   reF #103
30” 38” 48”  Gruenberg (2) M21 Elec. 450 F.   reF #103
30” 48” 22”  Dow Elec. 1250 F.   reF #103
34” 19” 33”  Poll.Ctrls Burnoff Gas 900 F.   reF #103
36” 36” 35”  Despatch Elec. 400 F.   reF #103
36” 36” 120”  Steelman Elec. 450 F.   reF #103
36” 48” 36”  Grieve Elec. 350 F.   reF #103

36” 60” 36” CEC (2) Elec. 650 F.   reF #103
37” 19” 25” Despatch Elec. 500 F.  reF #103
37” 25” 37” Despatch Elec. 850 F.   reF #103
37” 25” 50” Despatch Elec. 500 F.   reF #103
38” 20” 24” Blue-M Elec. 1200 F.   reF #103
38” 26” 38” Grieve Elec. 1000 F.   reF #103
48” 24” 48” Blue-M Elec. 600 F.   reF #103
48” 30” 42” Despatch Gas 850 F.   reF #103
48” 48” 48” CEC (N2) Elec. 1000 F.   reF #103
48” 48” 60” Gasmac Burnoff (2) Gas 850 F.   reF #103
48” 48” 72” Despatch (2) Elec. 500 F.   reF #103
48” 48” 72” Lydon Elec. 500 F.   reF #103
54” 68” 66” Despatch Elec. 500 F.   reF #103
54” 108” 72” Despatch Elec. 500 F.   reF #103
56” 30” 60” Gruenberg Elec. 450 F.   reF #103
60” 60” 72” ACE Burnoff Gas 850 F.   reF #103
72” 72” 72” Michigan Gas 500 F.   reF #103
120” 168” 120” Wisconsin Oven Gas 500 F.   reF #103

BOx Furnaces
J.L. Becker Slot Forge Furnace, 1986, Brand New, Never  
Used  reF #101
L & L Special Furnace Electrically Heated Box Furnace,  
1991  reF #101
J.L. Becker Box Temper Furnace, 1989  reF #101
Sunbeam Electric Box Furnace, good running condition  reF #101
Surface 30-48-30 Electric Temper Furnace, good/ very good condition  
reF #101
Atmosphere Furnace Co. 36-48-30 Electric Temper Furnace, good/ 
very good condition  reF #101
Atmosphere Furnace Co. 36-48-30 Electric Temper Furnace, good/ 
very good condition  reF #101
Atmosphere Furnace Co. 36-48-30 Electric Temper Furnace, good/ 
very good condition  reF #101
Surface Combustion 30-48-30 Gas Fired Temper Furnace, good/ very 
good condition  reF #101
Surface 30-48-30 Gas Fired Temper Furnace, good/ very  
good condition  reF #101 
8” 18” 8”  Blue-M Elec. 2000 F. reF #103
12” 24” 8”  Lucifer-Up/Down (Retort) Elec. 2150/1400 F.  reF #103
12” 24” 8”  C.I. Hayes (Atmos) Elec. 1800 F.  reF #103
12” 24” 12”  Hevi-Duty (2) Elec. 1950 F. reF #103
12” 24” 12”  Lucifer-Up/Down Elec. 2400/1400 F. reF #103
3” 24” 12”  Electra-Up/Down Elec. 2000/1200 F. reF #103
15” 30” 12”  Lindberg (Atmos) - Retort Elec. 2000 F. reF #103
17” 14.5” 12”  L & L (New) Elec. 2350 F. reF #103
22” 36” 17.5” Lindberg (Atmos) Elec. 2050 F. reF #103
24” 36” 18”  Thermnlyne (2) - Unused Elec. 1800 F. reF #103
36” 48” 24”  Sunbeam (N2) Elec. 1950 F. reF #103
36” 72” 42”  Eisenmann Kiln (Car) Gas 3100 F. reF #103
60” 48” 48”  Recco (1998) Gas 2000 F. reF #103
60” 96” 60”  Park Thermal Elec. 1850/2200 F. reF #103 
126” 420” 72”  Drever ”Lift Off”-Atmos (2 Avail) Gas 1450 F. reF 
#103
Lindberg, 20”W x 18”H x 24”L, Recirculating Box Furnace, 1250°F, 
Electric reF #104
Despatch, 20”W x 18”H x 36”L, Recirculating Box Furnace, 1350°F, 
Electric reF #104
Electra, 8”W x 6”H x 30”L, High Temperature Box Furnace, 3000°F, 
Electric reF #104
Sunbeam, 24”W x 18”H x 36”L, Atmosphere Box Furnace, 1950°F, 
Electric reF #104
CM Furnace, 15”W x 12”H x 18”L, Atmosphere (H2) Box Furnace, 
2100°F, Electric reF #104
Sunbeam, 48”W x 48”H x 54”L High Heat/48’W x 48”H x 54”L Low 
Heat, Titanium Quench Line, 2200°F/1200°F, Electric reF #104
Lindberg, 12”W x 10”H x 24”L, Atmosphere Box Furnace, 2000°F, 
Electric reF #104

Lindberg, 15”W x 12”H x 30”L, High Temp Box Furnace, 2500°F, 
Electric reF #104
Lindberg, 15”W x 12”H x 30”L, High Temp Box Furnace, 2500°F, 
Electric reF #104
Accutherm, 18”W x 18”H x 36”L, Box Furnace, 2000°F, Electric reF 
#104
Sunbeam, 24”W x 18”H x 42”L, Atmosphere Box Furnace, 1950°F, 
Electric reF #104
K.H. Huppert, 8”W x 10”H x 12”L, Atmosphere High Temp Box 
Furnace, 1649°C/3000°F, Electric reF #104
Harper, 9”W x 9”H x 20”L, High Temp Box Furnace, 3000°F, Electric 
reF #104
McEnglevan/MIFCO, 18”W x 18”H x 24”L, Recirculating Box Furnace, 
1200°F, Gas - Radiant Tube reF #104
Johnson, 9-1/2”W x 7”H x 16”L, High Temp Box Furnace, 2300°F, Gas 
- 180,000 BTU’s Natural Gas reF #104
Grieve, 12”W x 8”H x 24”L, Atmosphere Box Furnace, 2000°F, Electric 
reF #104
Lindberg, 15”W x 12”H x 30”L, Atmosphere Box Furnace, 2000°F, 
Electric reF #104
Trent, 18”W x 18”H x 24”L, Recirculating Box Furnace, 1750°F, Electric 
reF #104
Wisconsin Oven, 36”W x 36”H x 72”L, Recirculating Box Furnace, 
1250°F, Electric reF #104

car BOttOm Furnaces
Holcroft 48-144-48 Car Bottom Furnace  reF #101
Sauder 48-144-48 Car Bottom Furnace  reF #101
72x84x108 CIM 1000F Gas reF #104
48x84x84 KMI 1000F Gas reF #104

charge cars
Surface Combustion 30-48 Charge Car (Double Ended),  
fairly good condition  reF #101
Atmosphere Furnace Company 36-48 Charge Car (Double  
Ended)  reF #101
Surface Combustion 30-48 Charge Car (Double Ended)  reF #101

cOntinuOus annealing Furnaces
Wellman Continuous Mesh Belt Annealing Furnace  reF #101
Aichelin-Stahl Continuous Roller Hearth Furnace & Conveying  
System, 1996  reF #101
Park Thermal Continuous Mesh Belt Furnace, 2005,  
Excellent Condition – New – Never been used  reF #101

cOntinuOus hQt Furnaces
Tokyo Gasden Ro Continuous Mesh Belt HQWT Furnace  
Line, 1989  reF #101

cOntinuOus tempering Furnaces
Surface Combustion Mesh Belt Temper Furnace  reF #101
J.L. Becker Conveyor-Type Temper Furnace with Ambient  
Air Cool Continuous Belt, 1997 IQ Furnaces  reF #101
Surface Combustion 30-48-30 Pro-Electric IQ Furnace   
reF #101
AFC 36-48-30 IQ Furnace with Top Cool  reF #101
AFC 36-48-30 IQ Furnace  reF #101
Surface Combustion 30-48-30 IQ with Top Cool, Excellent  
Condition, 2000  reF #101
Surface Combustion 30-48-30 IQ Furnace, Excellent  
Condition  reF #101

endOthermic gas generatOrs
Lindberg 1500 CFH Endothermic Gas Generator, 1992,  
good condition  reF #101
Lindberg 1500 CFH Endothermic Gas Generator, 1996,  
excellent condition  reF #101
Surface Combustion 5600 CFH Endo. Gas Generator  reF #101

heat treat equipment – reF #101
Phone: 734-331-3939 • Fax: 734-331-3915
Email: john@heattreatequip.com
Website: www.heattreatequip.com

summit products, inc. – reF #102
65 Greenside Drive, Grand Island, NY 14072
Phone: 716-867-4312 • Fax: 716-867-4312
Email: summit@roadrunner.com

the W.h. Kay company – reF #103
30925 Aurora Road, Cleveland, OH 44139
Phone: 440-519-3800 • Fax: 440-519-1455
Email: sales@whkay.com
Website: www.whkay.com

Furnaces, Ovens & Baths, inc. – reF #104
4790 White Lake Road Clarkston, MI  48346
Phone: 248-625-7400 • Fax: 248-625-4030
Email: sales@fobinc.com
Website: www.fobinc.com
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Surface Combustion 5600 CFH Endo. Gas Generator  reF #101
Surface Combustion 5600 CFH Endo. Gas Generator  reF #101
Surface Combustion 5600 CFH Endo. Gas Generator  reF #101

exOthermic gas generatOrs
J.L. Becker 12,000 CFH Exothermic Gas Generator w/  
Dryer, w  reF #101
Thermal Transfer 30,000 CFH Exothermic Gas Generator,  
1994, excellent condition  reF #101

Freezers
Webber 36-48-36 Chamber Freezer, 1980  reF #101
Cincinnati Sub Zero 36-48-36 Chamber Freezer, 1995  reF #101

mesh Belt Brazing Furnaces
Lindberg Continuous Mesh Belt Brazing Furnace  reF #101
J.L. Becker 26” Mesh Belt Brazing Annealing Furnace,  
2007  reF #101
10” J.L. Becker Mesh Belt Furnace with Muffle, 1988  reF #101
24” J.L. Becker Mesh Belt Furnace  reF #101

misc. eQuipment
Atmosphere Furnace Co. 36-48 Stationary Holding  
Stations, 1987, 36”W x 48”L work area  reF #101
Atmosphere Furnace Co. 36-48 Stationary Holding  
Stations, 1987, 36”W x 48”L work area  reF #101
Atmosphere Furnace Co. 36-48 Stationary Holding  
Stations, 1987, 36”W x 48”L work area  reF #101
Atmosphere Furnace Co. 36-48 Scissors Lift Holding  
Stations, 1987, 36”W x 48”L work area  reF #101
Atmosphere Furnace Co. 36-48 Scissors Lift Holding  
Stations, 1987, 36”W x 48”L work area  reF #101
Surface Combustion 30-96 Stationary Load Tables, 96-inch  
rail length, 15-inch rail centers  reF #101
Surface Combustion 30-96 Stationary Load Tables, 96-inch  
rail length, 15-inch rail centers  reF #101
Surface Combustion 30-96 Stationary Load Tables, 96-inch  
rail length, 15-inch rail centers  reF #101
Surface Combustion 30-48 Scissors Lift Table, 48-inch rail  
length  reF #101
8xxx 2.400 CFH 12 oz (2) North American 1/3HP reF #103
8xxx 3.000 CFH 12 oz (3) North American 1/2HP reF #103
8xxx 5.400 CFH 4 oz North American 1/3HP reF #103
8236 12.000 CFH 12oz (3) North American 1/2HP reF #103 
8712 15.600 CFH 37 oz, North American 5HP reF #103
8193 19.500 CFH 32 oz, Spencer 5HP reF #103
8245 23.400 CFH 8 oz. North American 1,5HP reF #103
8185 24.000 CFH 24 oz. Buffalo Forge 7.5HP reF #103
8251 45.600 CFH 16 oz. Spencer 5HP reF #103
8252 66.000 CFH 24 oz . Snencer(New) 10HP reF #103
8253 66.000 CFH 24 oz. Spencer 10HP reF #103
8250 150.000 CFH 16 oz. Hauck 15HP reF #103 

parts Washers
J.L.Becker Gas-Fired Tub Washer  reF #101
48-72-48 Gas Fired Spray Washer  reF #101
Dow Furnace Co. 30-48-30 Electrically Heated Spray, Dunk  
& Agitate Washer  reF #101
Atmosphere Furnace Co. 36-48-30 Spray/Dunk Washer  reF #101
Atmosphere Furnace Co. 36-48-30 Spray/Dunk Washer  reF #101
Surface Combustion 30-48-30 Electrically Heated Spray  
Dunk/ Dunk Washer  reF #101
Surface Combustion 30-48-30 Electrically Heated Washer   
reF #101
Proceco/Taylor Gaskin, 26” Diameter x 36”H, Table Washer, N/A, Electric 
reF #104
Surface Combustion, 30”W x 30”H x 48”L, Spray Only Batch Washer, 
N/A, Steam - Can be converted reF #104

Holcroft, 24”W x 24”H x 36”L, Dunk & Spray Washer, UNKNOWN, 
Electric reF #104
FMT - Findlay Machine & Tool, 23” Diameter Drums x 15’L (2), 
Stainless Steel Rotary Drum Washer, 180-F Wash & Rinse, 180-F 
Blow Off, Wash & Rinse: Steam, Blow Off: Electric reF #104
Midbrook, Inc., 24” Diameter Drum x 8’L Wash x 6’L Rinse x 8’L 
Blow Off, Stainless Steel Rotary Drum Washer, N/A, Wash & Rinse: 
Gas, Blow Off: Electric reF #104

pit Furnaces
Lindberg 28” x 28” Pit-Type Temper Furnace  reF #101 
14” 60”  Procedyne - Fluidised Bed Elec. 1850 F.  reF #103
16” 20”  Lindberg Elec. 1250 F.  reF #103
22” 26”  L & N Elec. 1200 F.  reF #103 
28” 48”  Lindberg Elec. 1400 F.  reF #103
38” 48”  Lindberg Elec. 1400 F.  reF #103
40” 60”  L & N -Steam/N2 Elec. 1400 F.  reF #103
40” 60”  Wellman-Steam/N2 Elec. 1400 F.  reF #103 
48” 48”  Lindberg (Atmos) - Fan Elec. 1850 F.  reF #103
Lindberg, 25” Diameter x 20” Deep, Pit Temper, 1250°F, 
Electric reF #104 
Leeds & Northrup, 22” Diameter x 26” Deep, Pit Steam, 1250°F, 
Electric reF #104
Leeds & Lorthrup, 22” Diameter x 26” Dp., Pit Temper, 1400°F, 
Electric reF #104
Lindberg, 33” Diameter x 36” Deep, Pit Carburizer, 1750°F, Gas 
reF #104
Lindberg, 33” Diameter x 36” Deep, Pit Carburizer, 1750°F, Gas 
reF #104 
Lindberg, 33” Diameter x 36” Deep, Pit Carburizer, 1750°F, Gas 
reF #104 
Lindberg, 33” Diameter x 36” Deep, Pit Carburizer, 1750°F, Gas 
reF #104
Surface Combustion, 36” Diameter x 72” Deep, Pit Carburizer, 
1750°F, Gas reF #104
Leeds & Northrup/Lindberg, 40” Diameter x 60” Deep, Pit Steam, 
1250°F, Electric reF #104
Leeds & Northrup/Lindberg, 40” Diameter x 60” Deep, Pit Steam, 
1250°F, Electric reF #104
Lindberg, 28” Diameter x 72” Deep, Pit Carburizer, 2000°F, 
Electric reF #104
Lindberg, 38” Diameter x 84” Deep, Recirculating Pit Furnace w/
Atmosphere & Cooling, 1250°F, Electric reF #104
Lindberg, 38” Diameter x 36” Deep, Pit Temper, 1400°F, Gas - 
495,000 BTU’s reF #104

vacuum Furnaces
Brew/Thermal Technology Vacuum Furnace  reF #101
Abar Ipsen 2-Bar Vacuum Furnace, 1986, good condition   
reF #101
24”W x 36”D x 18”H Hayes (Oil Quench) Elec. 2400 F. reF #103
48” Dia 60”  High Ipsen (Bottom Load) Elec. 2400 F.  reF #103
Lindberg, 24”W x 18”H x 36”L, Vacuum Furnace, 2400°F, 
Electric reF #104
Abar Ipsen, 30”W x 30”H x 48”L, Horizontal Front Loading Vacuum 
Furnace, 2400°F, Electric reF #104

endOthermic gas generatOrs
Surface Combustion, 5600 CFH, 1950°F, Gas reF #104
Lindberg, 750 CFH, 1850°F, Gas reF #104
Lindberg, 1000 CFH, 2000°F, Gas - 390,000 BTU’s reF #104
Lindberg, 1500 CFH, 2050°F, Electric reF #104
AFC/Holcroft, 2500 CFH, 1950°F, Gas Fired reF #104
Gasbarre/Sinterite Furnace Division, 3000 CFH, 1950°F, Electric 
reF #104
Surface Combustion, 3600 CFH, 1950°F, Natural Gas reF #104 
Lindberg, 3000 CFH, 2000°F, Gas Fired reF #104 
Surface Combustion, 3600 CFH, 1950°F, Gas Fired reF #104

inductiOn heating
American Induction, 750 kW/6 kHz, Induction Heating, N/A, Electric 
reF #104 
Ajax Magnathermic/Pachydyne, 25 kW/3-10 kHz, Induction Heating, 
N/A, Electric reF #104
Pillar Industries, 500 kW, 10 kHz, Induction Heating, N/A, Electric reF 
#104
American Induction, 75 kW, 10 kHz, Induction Heating/Mono Forge, 
N/A, Electric reF #104
Lepel/Inducto-Heat, 20 kW/450 kHz, RF Induction Heating, N/A, 
Electric reF #104 
I.P.E./Inducto-Heat, 200 kW, 450 kHz, RF Induction Heating, N/A, 
Electric reF #104
Tocco, 300 kW, 9.6 kHz, Induction Heating, N/A, Electric 
Raydyne, 40 kW, 40 to 50 kHz, Induction Heating/Brazing System, 
N/A, Electric reF #104
Bone Frontier, 50 kW, 10 kHz, Induction Heating, N/A, Electric reF #104
Raydyne, 7.5 kW, 410 kHz, RF Induction Heating, N/A, Electric 
reF #104
Lepel/Inducto-Heat, 7.5 kW, 450 kHz, RF Induction Heating, N/A, 
Electric reF #104
Lepel/Inducto-Heat, 7.5 kW, 100 kHz to 400 kHz, RF Induction 
Heating, N/A, Electric reF #104 
Lepel/Inducto-Heat, 7.5 kW, 100 kHz to 400 kHz, RF Induction 
Heating, N/A, Electric reF #104
Ajax Magnathermic/Tocco, 30 kW/50 kHz, Induction Heating, N/A, 
Electric reF #104
Inducto-Heat/Lepel, 40 kW, 3 to 10 kHz, Induction Heating, N/A, N/A 
reF #104
Welduction, 100 kW, 450 kHz, RF Generator, N/A, N/A reF #104
Pillar Industries, 200 kW, 3 kHz, Induction Heating for Tube/Pipe, 
N/A, Electric reF #104

atOmOsphere generatOrs
750 CFH Endothermic Dow Elec. reF #103
750 CFH Endothermic Insen Gas reF #103
1000 CFH Exothermic Gas Atmosphere reF #103
1000 CFH Ammonia Dissociator Lindberg Elec. reF #103
1000 CFH Ammonia Dissociator Drever Elec. reF #103
1500 CFH Endothermic (Air Cooled) Ipsen Elec. reF #103
1500 CFH Endothermic Ipsen Gas reF #103
3000 CFH Endothermic air Cooled) Lindberg Gas reF #103
3000 CFH Endothermic (Air Cooled) Lindberg (2) Gas reF #103
3000 CFH Endothermic (Air Cooled) Lindhera Gas reF #103
3600 CFH Fnclothermic (Air Cooled) Surface (2) Gas reF #103
3600 CFH Endothermic Surface Gas reF #103
5600 CFH Endothermic Surface (3) Gas reF #103
6000 CFH Nitrogen Generator (2000) Gas Atmospheres Gas reF #103
10 000 CFH Exothermic Seco-Warwick Gas reF #103

internal Quench Furnaces
24”W 36”D 18”H Dow (Slow Cool) Line Elec. 2000 F. reF #103
24”W 36”D 1 8”H Ispen T-4 - Air Cooled Gas 1850 F. reF #103
24”W 36”D 18”H Ispen T-4 - Air Cooled Gas 1850 F. reF #103
24”W 36”D 18”H Isoen T-4 - Air Cooled Gas 1850 F. reF #103
24”W 36”D 18”H Ispen T-4 - Air Cooled Gas 1850 F reF #103
30”W 48”D 30”H Surface Allcase Elec. 1750 F. reF #103

cOntinuOus/Belt Furnaces + Ovens
5”W 36”D 2”H BTU Systems (Inert Gas) Rec. 1922ºF reF #103
12”W 48”D 2”H Lindberg (Inert Gas) Elec. 1022ºF. reF #103
12”W 15’D 4”H Sargent&Wilbur’94(Mufflel) Gas 2100ºF. reF #103
16”W 24’D 4”H Abbott-Retort (1996) Elec 2400ºF. reF #103
24”W 12’D 6”H Heat Industries Elec. 750ºF. reF #103
24”W 40’D 18”H Despatch Elec. 500ºF. reF #103
24”W 40’D 18”H Despatch Gas 650ºF reF #103
60”W 45’D 12”H Roller Hearth Annealer (Atmos) Gas 1700ºF reF #103
72”W 30’D 15”H Unitherm Gas 500ºF reF #103
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www.luciferfurnaces.com • 800-378-0095

HEAT TREATING 
FURNACES and OVENS

Lucifer Furnaces, Inc.

B O S
Services Company

Heat treatiNg aNd grit BlastiNg

BOs services company is celebrating 44 years of excellence 
in heat treating and metal cleaning services. We have earned 

a reputation for being responsive to our customers’ needs, 
and we deliver what we promise.

We would be pleased to hear from you! Please let us know 
what your needs and questions are, we will be more than 

happy to help.

4741 east 355th street
Willoughby, OH 44094
440.946.5101  •  440.946.5103
www.bosservicesheattreating.com

When you turn to Castalloy’s line of quality castings 
and fabrications for the thermal processing industry,  
you will experience increased productivity that will 
impact your company’s bottom line. Our products are 
expertly designed to offer energy savings, minimize 
fixture weights, maximize service life and improve 
furnace throughput.

Castalloy products provide the flexibility to handle 
multiple part numbers on common fixtures, reducing 
upfront alloy costs. Our fixtures can also be designed to 
help automate your part handling to reduce labor costs.

Whether you choose our standard products or work with 
our engineers to customize fixtures for your application, 
Castalloy can take the heat. As a leader in the industry, 
Castalloy continues to offer quality products, at 
competitive prices and better value. 

CASTALLOY
Your Single Source for Thermal Processing Products

ph 262-547-0070 
or 800-211-0900
fax 262-547-2215

email: castalloy@castalloycorp.com

1701 Industrial Lane
PO Box 827

Waukesha, WI 53189
www.castalloycorp.com
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multiple part numbers on common fixtures, reducing 
upfront alloy costs. Our fixtures can also be designed to 
help automate your part handling to reduce labor costs.

Whether you choose our standard products or work with 
our engineers to customize fixtures for your application, 
Castalloy can take the heat. As a leader in the industry, 
Castalloy continues to offer quality products, at 
competitive prices and better value. 

CASTALLOY
Your Single Source for Thermal Processing Products

ph 262-547-0070 
or 800-211-0900
fax 262-547-2215

email: castalloy@castalloycorp.com

1701 Industrial Lane
PO Box 827

Waukesha, WI 53189
www.castalloycorp.com

castallOycOrP.cOm

your single source for 
thermal Processing Products
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Your company, Orton, offers TempTabs, 
some pretty ingenious technology for 
monitoring temperature throughout a 
furnace. How did the idea come about?
Our founder, Edward Orton started a company 
to help monitor process temperatures in the 
ceramics industry.  At that time, ceramic 
manufacturers would put ceramic pieces into 
kilns, and they were getting about a 50% yield. 
Some things were “over-fired.” Some things 
were “under-fired.” Edward Orton developed 
a series of  specially formulated sensors to place 
alongside the ceramic in the kiln. These ceramic 
devices allowed the kiln operator to visually 
confirm the ceramic ware had seen the right 
amount of  heatwork (temperature and time-at 
temperature) in the kiln.  So they knew when 
it was time to remove the ware. This increased 
their yield and became a standard in the 
industry and continues to be used worldwide to 
monitor ceramic processes.

We took this same technology using 
specially blended ceramics to monitor process 
temperatures and adapted it to the needs of  the 
metals industry, called TempTAB.  TempTABs 
can be used in batch or continuous furnaces, 
work in various atmospheres including 
nitrogen/hydrogen/argon/air and vacuum.  
They have been pretreated so there is no 
outgassing and can even survive a nitrogen or 
oil quench.  They were designed for use in heat 
treating, powder metal sintering and brazing 
operations.

If  you don’t mind me saying, they look a 
little strange! For starters, they’ve got a 
hole in the middle.
There’s a reason for that. In some environments, 
there’s high velocity movement inside the 
furnace and they need to be secured in place. 
They can be tied to a part, or tied down to a 
basket. That way you can keep track of  them. 

Give our readers a crash course in the 
TempTab.
TempTABs are placed inside the furnace where 
the metal is being treated.  They are measured 
with a micrometer once they exit the process.  The 
size of  the TempTAB is then used to determine 
the “TempTAB temperature” using the lookup 
table or software provided with each batch. 

These sound like some pretty good 
insurance.
Furnaces tend to get picked on when there are 
production problems. These TempTabs allow 
you to defend your furnace. If  you run these on 
a regular basis and you have the information 
from the temptabs, then when a problem comes 
up, you can say, “Nothing has changed in the 
thermal process.”

Are there other uses for TempTABs?
Temp TABs are an excellent aid to help you 
replicate processes. A lot of  people will set up a 
process and then want to duplicate it. If  you are 
using TempTABs in one furnace on a regular 
basis, you can set up the new process and run 
it until the TempTABs are reporting the same 
temperatures, you then can be sure that the 
process is fine-tuned—what’s going on inside 
both furnaces is the same. 

They are an excellent monitoring device 
to confirm your thermal process. Placing one 
TempTAB in the center of  the furnace every 
heat can confirm that the center of  the furnace 
reaches the same time and temperature profile.

One of  the best uses for TempTABs in a batch 
heat treat furnace is to use them to monitor 
your thermal process between formal surveys.  
If  you run them along with your formal TUS 
by placing one TempTab near the end of  each 
thermocouple, you have a benchmark of  your 

TempTAB temperatures.  You can continue to 
run TempTABs in those same nine locations as 
often as you like, to see if  something changes 
in your furnace before your next formal TUS 
is scheduled—they act as sort of  an “early 
warning device.”

Some heat treaters and continuous brazing 
operations will run them in an empty furnace 
as an easy way to make sure the uniformity is 
what they expect. If  they find there’s a cold spot, 
they’ll try to figure out what’s going on—maybe 
they have an element out—and they’ll adjust 
and run it again until the uniformity shows that 
their furnace is operating the way it should.

What advantage do these have over 
thermocouples?
Thermocouples are very important to the 
thermal processing industry.  They measure 
temperature at one point in the furnace, 
sometimes in the very top of  the furnace, not 
necessarily where the parts are being processed.  
Temptabs can be placed throughout the load and 
can monitor temperatures in the load without 
interrupting production.  Thermocouple also 
sometimes change over time.  TempTabs help 
by alerting you if  subtle changes take place 
like your thermocouples begin to drift or you 
electronic controller is in need of  calibration.  
TempTABs do not change over time.

Quality and Process Verification
Letting your customers know (both internal 
and external) that you not only follow all the 
requirements of  the industry but you also 
monitor your thermal process on a daily basis 
with TempTABs is proving good for business.  
We would welcome the opportunity to share 
how TempTABs can help your business.  

Jim liTzinger
direCTor of BuSineSS developmenT – orTon CeramiC

FoR MoRE INFoRMATIoN:  For more information on TempTabs, visit www.temptab.com or call (614) 818-1338. For more information on orton Ceramic, visit 
www.ortonceramic.com or call (614) 895-2663.

Furnaces tend to get picked 
on when there are production 
problems. These TempTabs allow 
you to defend your furnace.



Flexible and
Rugged IQF
Equipment 
Designs

Multiple and flexible Internal Quench (IQF) 
Furnace designs that are engineered for 
your application:

1)  Straight-Thru Design
2)  In and Out Design using grids with a roller hearth
3)  In and Out Design using baskets with refractory  
 hearth

Performance proven IQF designs, originally developed 
by Jack Beavers over 50 years ago, now include 
automated systems similar to the one pictured above. 

3) In and Out Design using 
baskets with refractory hearth

1) Straight-Thru Design 2) In and Out Design using 
grids with a roller hearth

www.beavermatic.com
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