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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



SPEED UNIFORMITY EFFICIENCY

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:
 •   Quick and easy hook-up
 •   Increased carburizing efficiency
 •   Reduces CO2 emissions by 90% 
 •   Significantly less expensive to operate than 
      endogenerators
 •   Consumes significantly less gas
 •   Environmentally friendly and cost efficient
 •   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
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Welcome to the inaugural issue of Thermal Processing for Gear Solutions. Gear 
Solutions magazine listened to reader requests and developed a new publication 
focused specifically on heat-treating for gear manufacturers.

While Gear Solutions has always combined heat-treating articles and information on 
thermal topics in gear manufacturing, readers said they wanted more. We delivered 
with this one-of-a-kind publication produced entirely on the subject of heat treatments 
for gears.

Twice each year we’ll polybag Thermal Processing for Gear Solutions with a fall and 
spring issue of Gear Solutions magazine to provide content from both industry experts 
and academia on relevant topics on heat-treating gears. Articles will include topics 
such as carburizing, annealing, flame hardening, austentizing, austempering, case 
hardening, cyaniding, carbonitriding, stress relieving, martempering, cryogenic and 
quenching techniques. Metallurgists will discuss the latest research on metals and 
alloys used in gear manufacturing and in-depth articles will explain how metals react in 
various heat-treating processes.

This issue of Thermal Processing for Gear Solutions includes a variety of articles, 
including austempering and carburizing as well as a discussion on the types of furnaces 
available for heat-treating in gear manufacturing.

I’d like to thank our editorial contributors, J.J. Lefevre, K.L. Hayrynen, C. Zimmerman, 
C. Bassetti, P. Connor, Daniel H. Herring, Semyon Brayman, Anatloy Kuznetsov, Sergey 
Kikitin, Bob Binoniemi, Valery Rudnev, and VAC AERO International, Inc., for the 
informative technical articles presented, as well as Keith Boeckenhauer, president 
SECO / WARWICK Corp., and Roger Jones, corporate president of Solar Atmospheres, 
for taking the time to share your stories and thoughts about the heat-treating industry.

We’ve also included four columns from industry experts, including one from Dan 
Herring, “The Heat Treat Doctor” titled Metal Urgency; Hot Seat by Jack Titus, Site 
Safety by Marty Keylon, and Quality Counts, by Jim Oakes.

In addition to the technical articles, columns, company profile and Q&A profile, 
you’ll also find a variety of products and news about heat treaters and the heat-treating 
industry.

As you read through the pages of this new publication, we hope you’ll find a wealth 
of information that helps you in your daily business. Please look for the next issue of 
Thermal Processing for Gear Solutions in the spring, when we’ll tackle other topics and 
work with heat-treating experts to bring you another valuable resource to add to your 
gear industry library.

I look forward to hearing your comments, suggestions and criticism as we continue 
to develop Thermal Processing for Gear Solutions magazine into the most informative 
source about heat-treating for the gear manufacturing industry.

Sherri Mabry
 managing editor

Thermal Processing for 
Gear Solutions magazine

editor@thermalprocessing.com
(800) 366-2185 x.205



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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Companies wishing to submit materials for inclusion in Industry News should contact the Managing Editor at editor@thermalprocesing.com.
Releases accompanied by color images will be given first consideration. 

new products, trends, Services, and developments

Ipsen’s TurboTreater® Units Offer Convenient Solutions 
Ipsen has recently shipped an H3636 2 bar TurboTreater® furnace to a 
commercial heat treatment company in the southeastern U.S. The state-of-
the-art, high-temperature furnace includeds a 2-inch thick carbon composite/
graphite felt hot zone with a nominal work zone of 24” x 24” x 36” (610 mm 
x 610 mm x 914 mm) and a gross load capacity of 1,500 pounds (680 kg), 
configured for 460 volts, 60 hertz, 3 phase. The furnace is equipped with the 
user-friendly CompuVac® Supervisory Control system, as well as nitrogen and 
argon Partial Pressure system.

Leading the industry through the use of patented mechanical features such as 
the Ipsen unique quarter-twist graphite heating element support hanger, which 
provides metallic support for ceramics; the flared locking rim for molybdenum 
cooling gas nozzles, which secures them in place into a rounded extrusion in 
the plenum wall; and the cooling system design, which generates the highest 
heat transfer coefficient of any vacuum furnace on the market.

The convenient and efficient TurboTreater line operates as a “build-your-
own” furnace, allowing customers to order furnaces specified to their unique 

needs. Possible modifications include variations on features such as the hot zone insulation package, heating elements, pumping systems, 
cooling gases, plant voltage, control system and loaders. This allows for the line to be used for a number of processing capabilities including: 
hardening, annealing, surface treatment, brazing, coating and tempering. These alterations, along with Ipsen’s simplified installation, start-up, 
operation and troubleshooting.

 For more information, visit www.IpsenUSA.com.

Houghton International Maximizes Machining Efficiencies and 
Reduces Operational Costs for Manufacturers
In order to maximize efficiency, today’s machine shops and manufacturing centers require metalworking 
fluids that can work in many applications and on a wide variety of metals. Houghton International’s Hocut® 
and Cerfa-Kleen® metal cutting and metal cleaning fluids are the right choice for manufacturers seeking 
to improve their plant operations while adding to their bottom line.

Cerfa-Kleen® 5354 is a bio-stable, non-nitrited spray cleaner that can be used to remove light soils, 
including soluble coolants, metal forming compounds and shop soils. It works on a wide variety of alloys, 
and can be used at ambient temperatures to dramatically reduce energy costs. Cerfa-Kleen 5354 contains 
rust inhibitors that prevent flash rusting of machinery, and it provides short-term, in-plant rust inhibition.

Houghton also offers Cerfa-Kleen® 5334, a mild alkaline liquid soak or spray cleaner that removes 
lapping compounds, polishes, grinding fluids and shop soils from ferrous, stainless steel, copper, 
aluminum and zinc alloys. Cerfa-Kleen 5334 is free-rinsing and will not leave a residue that can affect 
finishing operations such as plating.

Hocut® 795-B is an aerospace-approved machining and grinding fluid for use with all metals. This 
coolant is compatible with hard water and is optimally bio-stable, which assures long, odor-free sump life. Its bio-stability also reduces 
dependency on costly sump-side additives. Because it is low-foaming and runs clean, Hocut 795-B reduces disposal costs for manufacturers, 
resulting in less downtime and more operator acceptance. Additionally, it provides improved part finish, minimizing overall costs through 
reduced rework and scrap rates. Hocut® 400-K and Hocut® 795-H are heavy-duty, chlorine-free machining and grinding fluids that help 
manufacturers gain cost-efficiencies by reducing the number of different metalworking fluids in their inventory. Because they can be used on 
many metals, they remove the need for changeover, promoting decreased downtime. These coolants provide in-process corrosion protection 
for machinery and parts without staining, and they extend tool life by offering good lubrication for machine ways and indexing mechanisms.

Houghton International continues its focus to expand its customer service operations and grow its worldwide facilities. 
For more information, visit www.houghtonintl.com.
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Hancock Named President/
Managing Director of Two SPX 
Thermal Facilities
SPX Thermal Product Solutions announces 
the naming of Blake Hancock as president/
managing director for its White Deer, PA and 
Riverside, MI facilities.

Hancock joins the White Deer operational 
unit after 12 years of progressive leadership 
experience with SPX, beginning with Service 
Solutions in the Test & Management segment, 
and most recently with the Flow Technology 
Segment. His financial expertise has led 
to a number of international assignments 
including stints in the APAC (Asia Pacific) and 
the EMEA (Europe, Middle East and Africa) 
regions.

His latest assignment will have him overseeing 
a host of brands including: Tenney (custom 
and standard environmental rooms, shock and 
vibration chambers, and environmental test 
chambers), Blue M (industrial ovens, inline 
curing ovens, light industrial furnaces, custom 
industrial ovens, and ASTM test ovens), 
Lindberg (single-source supplier for the heat 
treating industry) and MPH (non-ferrous 
molten metal handling).

Hancock earned his Bachelor’s degree from 
the University of Northern Iowa and his MBA 
from DePaul University. His current position 
became effective as of August 1, 2012. 

For more information visit www.
thermalproductsolutions.com.

Max Hoetzl Receives the CHTE 
Distinguished Service Award
Max Hoetzl, P.E., vice president of technology 
for Surface Combustion, Inc. and former IHEA 
president, is this year’s recipient of the 2012 
CHTE Distinguished Service Award. The Center 
for Heat Treat Excellence (CHTE) Distinguished 
Services is presented to an individual who, in the 
judgement of the CHTE members, has made 
significant, commendable and long-standing 
contributions to the promotion of the CHTE. 
Hoetzl was honored at the June 6th meeting of 
CHTE.

Since joining Surface Combustion in 1973, 
Hoetzl has been involved in many areas of high 
temperature furnace applications. As the vice 
president of technology, he is responsible for 

providing technical support to all product areas. 
In addition, he is responsible for the field service, 
rebuild/retrofit, and information technology 
groups. Hoetzl is the inventor of 12 equipment 
and process patents. He is a licensed professional 
engineer in the State of Ohio.

Hoetzl chaired one of the initial focus groups in 
the CHTE. Over the years, he served on several 
committees and participated in many focus 
groups. He continues to be actively involved.

For more information visit, www.
surfacecombustion.com.
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LMC Industries Adds Lucifer Space-Saving Dual Chamber Furnace
LMC Industries, a full-service metal stamping and molding company in 
Arnold, Missouri, has added a Lucifer Dual Chamber furnace to its line 
of equipment. Model HL82-H24 will be used for processing tool steels 
in their TS 16949 and ISO 9001 certified facility.

According to Max Vogl, Tool Room Manager, LMC wanted a furnace 
for its tooling facility, which supports both their stamping and molding 
divisions “to retain the cost of sending out our heat treat” and “to 
improve the turnaround time of heat treating in emergency and weekend 
situations.” Max says they chose Model HL82-H24 “because it gives us 
the versatility of heat treating a wide variety of tool steels which includes 
powder metals such as CPM. After searching the web and discussion 
with companies we researched, Lucifer seemed to be the best fit for our 
company and came highly recommended from a tool shop and local steel 
supplier we do business with.” Built with 5” of multilayered firebrick 
and mineral wool block insulation for energy efficiency and low outside 
shell temperature, the 9”x12”x24” upper chamber heats to 2300°F. 
Easy-to-replace heating elements are mounted on side walls and door 
in removable panels with V grooves open to coils providing maximum 
radiation and faster heat response. The vertical lift counterweighted 
door is hand crank operated. A lower tempering chamber of the same 
dimensions, built with 4.5” of insulating firebrick and mineral wool 
block, heats to 1200°F. A 16 gauge stainless steel liner forms the 
work chamber, on board with a 1/6 hp motor recirculating alloy fan to 
direct the heated air in a horizontal flow pattern while keeping heating 
elements isolated from the workload. The lower chamber is complete 
with a horizontal swing door with 5” of insulation, a cam lock and 
safety micro switch. Both chambers are controlled by Honeywell UDC 
2500 microprocessor based digital time proportioning temperature 
controllers with a separate high limit controller on the upper chamber. 
Max plans to use the furnace to remove the white cast layer after WIRE 

EDM processes by tempering punches and die sections, which reduces chipping during the stamping process, and to incorporate in 
their Preventative Maintenance program the tempering of punches and die sections to relieve the stress build up by stamping, which 
can lead to punch breakage if not done. Max adds “Lucifer has been great to work with and met their commitment on delivery. LMC 
is very satisfied that we chose Lucifer and would recommend this type of furnace to any company that is in the same type of business 
that we are in.” 

For more information, visit www.luciferfurnaces.com

Rolled Alloys’ South Carolina Facility has Reached Full Operating Status
The 33,000 square-foot service center contains an extensive inventory of PRODEC® 303, PRODEC® 304L, PRODEC® 316L and 17-4 stainless 
steel bar stock. It features the latest technology in sawing equipment and has the capability to process round bar up to 20 inches in diameter.

PRODEC® stainless grades are produced for enhanced machinability.  Enhancements performed during the melt process control the size, 
type, and dispersion of inclusions within the product.  Smaller softer inclusions reduce hard spots, provide a more consistent machining 
experience, and allow for more aggressive speeds and feeds.

The opening of this facility continues the Rolled Alloys’ strategy of growth through personal service and quick delivery by providing more local 
options for their customers. Rolled Alloys’ is already an innovator in the metals industry with their extensive processing capabilities, website and 
e-business platforms, alloy development and a highly trained sales and metallurgical staff ready to aid customers with their alloy requirements. 
Rolled Alloys’ clients are increasingly looking to them as a supplier of value, not just metal.

Rolled Alloys is one of the largest suppliers of stainless steels, nickel, cobalt and titanium alloys with 11 locations across North America and 
9 additional operations throughout Europe and Asia. Since their founding in 1953 with its trademark RA330® alloy, Rolled Alloys has grown 
through focusing on customer value and ease of doing business. 

For more information about the company, please visit www.rolledalloys.com/our-company.



12  |  thermal processing for Gear Solutions

update

12  |  thermal processing for Gear Solutions

Alfe Heat Treating Invests in New Facility
Alfe Heat Treating, the largest aluminum heat treater in the United States, has recently completed a $20 million dollar capital equipment 
investment to retool its Definance, Ohio plant to support new, high efficiency automotive engines. The fully automated, lights-out plant can 
process one engine very 49 sconds. This high-speed, efficient approach allows Alfe to meet 100 percent of the manufacturers’ needs for the 
specified product lines.

Alfe Definance employes the unique “condo” building approach on this site, which means housing multiple suppliers in a single location 
and using automation to transport parts from one supplier to the other. The shared location provides heat treating, shot blasting, X-ray, 
machining, leak testing, impregnation, and additional secondary services.

For more information, visit www.al-fe.com.

New Vacuum Heat Treatment Book Available by “Heat Treat Doctor”
Vacuum Heat Treatment is a new book by Daniel H. Herring, “The Heat Treat Doctor” that focuses on principles, 
practices and applications providing the heat-treating industry with its first truly comprehensive resource on the 
subject of vacuum technology, which is the fastest growing segment of the heat-treat industry today. This book 
provides the reader with practical advice, a diverse set of application examples and a wide range of technical and 
engineering information necessary to make informed decisions about how to heat treat and what equipment features 
are necessary to do the job.

What makes this book unique is that it is written in such a way that engineers, metallurgists, heat treat operators, 
supervisors, managers, quality, industrial and manufacturing engineers and just about anyone interested in thermal 
processing or manufacturing can become skilled in the art and science of vacuum heat treatment.

Order the book at http://store.bnpmedia.com/store/aec_online/hvac/index.html.

Continued to pg. 67
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Modern Heat Treat Buys 5th Afc-Holcroft Batch Furnace
Modern Heat Treat, a commercial heat treating operation located in Richland Hills, Texas, will soon be receiving their fifth new AFC-
Holcroft UBQ (Universal Batch Quench) furnace, size 36-72-44 to accommodate their rapid growth. The addition of another AFC-
Holcroft UBQ boosts the customer’s production capacity by an additional 6,000 lbs. gross, and will be a duplicate of existing AFC-
Holcroft furnaces already running production.

Separately, the customer added an AFC-Holcroft 9000 cfh EZ Endo Generator, which will service the UBQ lines.
Modern Heat Treat chose the UBQ design to obtain maximum flexibility in controlling their production. As production increased, they 

have incrementally added new equipment to their line, creating production cells with automatic transportation and controls. Individual 
furnaces can be idled then restarted easily as needed for maintenance service, changes in process or production.

Said Rudy Saucedo of Modern Heat Treat, referring to the company’s rapid expansion: “Modern Heat Treat is grateful for the wonderful 
success it had achieved in such a short period of time. We can only credit our customers, our employees, and the relationships we have 
forged with our furnace and alloy vendors for that success.”

The UBQ furnaces are scheduled to ship third quarter of 2012, with the EZ Endo Generator to follow.
Modern Heat Treat, located in Richland Hills, Texas, can be reached by telephone at (817) 616-0333, or via email at info@modernht.

com. Website: www.modernht.com.
AFC-Holcroft is one of the world’s largest manufacturers of heat treating furnaces. The legacy companies that comprise AFC-

Holcroft have a combined 225+ years of thermal processing experience. The company manufactures turn-key heat treating systems 
for applications including commercial heat treating, bearings, automotive, aerospace, mining, military, aluminum heat treatment, gear 
manufacturing, fastener manufacturing, and alternative energy industries.

AFC-Holcroft, headquartered in the United States, has a global reach with direct sales coverage in North America and worldwide, 
while AFC-Holcroft Europe serves major industrial markets in Germany, France, and other European locations. AFC-Holcroft’s Asian 
Operations manages partners in China, India, South Korea, and other countries in the region, and the company also extends into 
markets in Argentina, Australia, Brazil, Mexico, Poland, Russia, and Spain, through relationships with partners, many of whom have 
manufacturing capability.

For more information, contact media@afc-holcroft.com.

SDI Selects Tenova Core New Walking Beam Furnace
Tenova Core has been contracted by Steel Dynamics, Inc., for the design and supply of a 100 ton/hour walking beam reheating furnace at its 
Pittsboro, Indiana facility.

The furnace will be reheating plain carbon, low alloy, high alloy billets and blooms that will be used for rolling of Special Bar Quality (SBQ).
The walking beam furnace will be equipped with Tenova LOI Italimpianti Flexytech low NOx burners for reduced emissions. Tenova 2 

thermodynamic modeling system for efficient heating of the steel. Start-up is scheduled for 2013.
For more information visit www.tenovacore.com.

Inductive Heating Technology for Hot Forming
For decades, inductive heating technology for hot forming has been one of the most successful 
technological developments and this has made us the leading partner of the forging industry at 
a global level. Our machines are characterized by an array of modular components combined 
with a high degree of flexibility. A modular system of individual but matching components 
enables induction-heating systems to be constructed with a wide variety of possible variants to 
precisely meet the requirements of our customers.Standard interfaces between the individual 
components and peripheral units guarantee that our machines and lines can be subsequently 
extended as requirements change.

SMS Elotherm’s product range covers the full spectrum from small, flexible preforging 
heating units through to fullyautomated system solutions for integrating into production lines.

For more information, visit www.sms-elotherm.com.

Continued from pg. 12
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BOS Services Introduces Addition of Blasting Room
BOS Services Heat Treating introduces the addition of a blasting room, which spans 30’ L x 18’ W x 17’ H with overhead crane capability and 
a new four head conveyer belt blasting machine with a user-friendly material handling system. The addition of the blasting room allows the 
company to expand services to current customers and open up opportunities to new customers.

With this new equipment added, the company has managed to expand the services offered to current customers and new customers. 
BOS believes this to be the key to business longevity and prosperity. 
For more information, visit www.bosservicesheattreating.com.

Draw Batch Oven Used for Stress Relieving 
Stainless Steel Shafts for Turbines
Wisconsin Oven designed and manufactured a gas-fired 
industrial draw batch oven with a powered load table for a 
company that repairs and refurbishes generators and steam or 
combustion turbines. The draw batch oven is used for stress 
relieving stainless steel shafts used in turbines after a welding 
process.

The Wisconsin Oven stress-relieving oven replaced the 
customer’s previous oven, which could not maintain the 
required temperature tolerance or required production capacity. 
The new stress-relieving oven provided a faster heat up rate and 
increased production capacity along with tighter temperature 
tolerances.

The heat-treating oven has basket dimensions of 5’0” wide 
x 7’6” high x 5’0” long and a maximum operating temperature 
of 1400º F. The batch oven was designed with the capacity to 
heat 2,000 pounds of steel from 500° to 1300° F within six (6) 
hours when the oven is preheated. Wisconsin Oven designed 
the draw batch oven with a horizontal sliding door instead of a 
vertical lift door due to the height restrictions at the customer’s 
facility. The powered load/unload table was rated at a capacity 
of 2,000 pounds. The stress relieving oven is fabricated with 
4” of insulation in a CAN style construction. The inner shell 
and ductwork are fabricated with 18 gauge 309 stainless steel. 
The heating system features a 750,000 BTU per hour air heat 
burner including a motorized gas control valve, flame detector 
and flame relay with alarm horn. The recirculation system 
provides combination airflow and utilizes a 15,000 CFM @ 15 
HP blower. The majority of the air is delivered under the work to 
flow vertically upward past and through the product to provide 
even heating and maximize temperature uniformity.

The stress-relieving oven has a UL certified NEMA 12 control 
enclosure with IEC style motor starters, push buttons, and pilot 
lights. The customer required a 9-point temperature uniformity 
of +/-20° F at 1365° F. The temperature for the draw batch 
oven is controlled by a digital West Pro-VU programmable 
controller and recorded by a Honeywell DR4300 10” circular 
chart recorder.

For more information, visit www.wisoven.com.

QuesTek’s Ferrium® C64™ Alloy Achieves 
SAE AMS 6509 Specification
SAE International has issued Aerospace Material Specification 
6509 for Ferrium® C64™, a high-hardness, high-strength, 
high-temperature-resistant, carburizing-grade steel that was 
computationally designed by QuesTek Innovations LLC, and 
is commercially produced and sold by Latrobe Specialty 
Metals, a Carpenter Company, of Latrobe, PA, USA. SAE AMS 
6509 covers the procurement of bars, forgings and forging 
stock of C64 as a double-vacuum-melted (i.e., VIM/VAR) 
aircraft-quality alloy, defining chemistry, thermal processing, 
minimum properties and other material requirements.

The case of C64 can be carburized up to 62-64 Rockwell C 
hardness, while the core is more than 28 percent stronger (in 
typical properties) than conventional premium steels such 
as AISI 9310 or Pyrowear® 53. This combination of high 
case hardness and high core strength was designed to yield 
lighter, more durable transmissions, gears, integrally-geared 
shafts, actuators, parts, and assemblies that better resist 
bending fatigue, contact fatigue and abrasive particulate 
exposure. C64 may also provide much greater performance 
in scoring and high-temperature service (either during 
normal operation or emergency “oil-out” conditions) since 
C64’s tempering temperature of 925°F is approximately 
625°F higher than that of 9310.

Applications of C64 in service or evaluation include 
racing, munitions, energy and aerospace products, including 
helicopter gears under the Future Advanced Rotorcraft Drive 
System (FARDS) program cooperative agreement between 
Bell Helicopter and the U.S. Army, and the Enhanced 
Rotorcraft Drive System (ERDS) program cooperative 
agreement between The Boeing Company and the U.S. 
Army.

Processes to carburize C64 are covered by SAE AMS 
2759/7. QuesTek designed C64 to have high hardenability so 
that it can efficiently use modern, clean, low-pressure (i.e., 
vacuum) carburizing processes with a mild gas quench to 
produce hardened parts with very low distortion and which 
require less final machining.

For more information, visit www.questek.com.

Continued on pg. 70
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update

eldec MIND: Modular Systems for Hardening 
Chucked Parts and Shafts up to ø 1200 mm
Where competence meets experience. The MIND series is the result 
of many years of experience, which we have gained as a supplier of 
inductive energy sources and complete special hardening machines.

This accumulated know-how has now crystallized in a new generation 
of modular, inductive hardening system. MIND stands for modular 
induction. Full modularity for optimal solutions. Efficient hardness 
solutions in a modular design.

Depending on the workpiece dimensions, desired hardness profile 
and requirements in terms of flexibility and lot size, an eldec MIND 
system is  configured from the main components of base machine, 
energy source,  automation components, cooling system, workholding 
and tooling. A simple, well thought-out modular system which can 
handle your very particular task quickly and cost-effectively.

eldec MIND hardening machines can be supplied as a manually 
operated standalone solution, as heat treatment systems with a 
customized level of  automation or also as in-line hardening cells, 
completely integrated in the  process chain of soft and hard machining.

For more information, visit www.eldec-usa.com.

Can-Eng Furnaces International Limited Contracted to Supply Continuous Mesh Belt 
Atmosphere Hardening and Tempering System
Can-Eng Furnaces International, Ltd. has recently been contracted by Koelner to design, manufacture and commission a Continuous 
Mesh Belt Atmosphere Hardening and Tempering Furnace System used in the manufacture of high grade fasteners.  The Koelner 
Group selected Can-Eng Furnaces International as their supplier of choice because of Can-Eng’s extensive experience developing 
state-of-the-art continuous mesh belt atmosphere heat treatment systems. Can-Eng’s heat treatment system provides predictable 
metallurgical properties, enhanced process control features, CQI-9 quality initiatives and energy conservation design features. These 
quality enhancements and design initiatives reflect Can- Eng’s commitment to continuous improvement for its Continuous Mesh Belt 
Atmosphere Furnace Line and the European and Russian Marketplace.

Can-Eng’s new large capacity systems represent a significant investment by Koelner to further service its customers in the Automotive, 
Construction, Mining, Electrical and Ship Building industries located in Europe and North America.  

 
These new automated continuous systems include: 
1)       Computerized Bin Discharge and Metered Part Handling System
2)       Pre and Post wash systems complete with Dephosphating Capability
3)       Mesh Belt Hardening system with Energy Reduction System
4)       Oil Quenching System
5)       Protective Atmosphere Mesh Belt Tempering Furnace
6)       Continuous Soluble Oil Blackening System
7)       Siemens Based Control Architecture
8)       Enhanced Supervisory Control and Data Acquisition system
9)       Integrated Atmosphere Generator Systems

This project represents one of a number of new Continuous Mesh Belt Atmosphere Hardening and Tempering installations that Can-
Eng Furnaces International is currently commissioning for manufacturers around the world.  

For further information please contact Tim Donofrio – Vice President, Standard and Aluminum Products at tdonofrio@can-eng.com.   

Continued from pg. 68



Gear Hub Casting 
4200 lbs

Planet Carrier Austempered Ductile Iron 
450 lbs

Transmission Housing
720 lbs

Planetary Gearbox Housing
7500 lbs

Willman. The Source for high performance castings.

“  Need Fast delivery 
OF HigH Quality 
PrOductiON 
castiNgs uP tO 
40,000 lBs? 
give us a call!”

INDUSTRIES, INC.
338 South Main St., Cedar Grove, WI 53013 • Tel. (920) 668-8526  Fax. (920) 668-8998
E-mail: jhendrickson@willmanind.com   Web Site: www.willmanind.com

 Fast Turnaround • Flask Sizes-24” X 24” thru 144” X 144”  

Green Sand Molding and No-Bake Floor Molding • Production Quantities • Small Prototype Runs

Meehanite Metal, Ductile Iron, High Silicon Ductile, Austempered Ductile, All Classes of Gray Iron

Fast Quotes, High Quality, Reliable Service

In addition, Willman offers Production capacity for components up to 40,000 lbs. and facilities for 
patternmaking, heat treating and machining. Please visit us on the web: www.willmanind.com 

Quality You Can Count On Today...and Tomorrow
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Site Safety

          in A FASt-pACed INDUSTRy, IT’S 
IMPORTANT to keep yoUr prioritieS    
    StrAigHt. SAFETy SHOULD BE 
     At  tHe top oF THE LIST. by Marty Keylon

In 35 years, I’ve witnessed many industrial accidents. Even at the 
start of my career, I was evaluating the combination of events that 
lead to an accident. What one thing was the key? Were the proper 
procedures being enforced? Was there proper safety equipment 
present, and was it in use? Was the equipment properly locked-
out and tagged-out? Were the safety guards installed and properly 
secured? Addressing these issues today may prevent disaster 
tomorrow. 

One tragic accident that stays with me is the death of two 
maintenance men working on a vacuum oil quench furnace. This 
particular furnace was leaking hydraulic oil in the quench tank, 
located in a pit below ground. There was proper safety equipment 
in use: safety harness, ventilation fan, lock-out tag-out procedures 
followed, and another worker as a spotter. After the repair was done, 
the furnace needed to be tested before filling the quench tank 
back up with oil. After the test run, the first worker leaned into the 
quench tank to inspect the hydraulic agitator; he was overcome by 
the pool of Argon gas - heavier than air - and fell in. His co-worker 
witnessed this and thought he had just slipped; he jumped in the 
tank to rescue him. 

The saddest part is that the safety sling and harness were right 
there. The men had been working on the furnace while using 
proper safety equipment the whole time, until this split-second. The 
accident was investigated; misuse of safety equipment, along with 
a simple gas-selector switch in the wrong location, was determined 
to be the cause.

The focus on safety in this industry has grown over the years. I’ve 
had a few close calls myself (electrocuted by 440 volts after trusting 
someone else to turn off a main switch, overcome by fumes from a 

faulty gas valve, a slipped wrench to the face while tightening a bolt 
with my dad). Needless to say, I’ve had to learn the hard way.

To make your facility safe, you have to know where you stand. Do 
you have a functioning safety committee? Are your employees  always 
following the safety rules? I’ve heard all the excuses. “We’ve always 
done it this way!” or “It’s only going to take a second!” The one I’ve 
heard the most is, “We don’t have time to fool with that!” 

There is always time for safety. Safety Committee meetings should 
be held once a month, evaluating any prior accidents. Take a shop 
safety tour. Keep the OSHA requirements in mind. Check your fire 
systems weekly - there should be a tag on each fire extinguisher for 
safety committee members to initial and date. Is your emergency 
safety lighting in working order? Is the equipment properly labeled? 
Are the slings on the overhead or Jib cranes properly marked with 
weight limits? Is your lock-out tag-out program in use? In most heat-
treating shops, there are many different types of industrial gases: 
natural, endothermic, ammonia, nitrogen, argon, compressed air, 
cooling water, and hydrogen gas just to name a few. Is all piping 
marked “color coded visible wall chart works well,” including flow 
direction? Also, watch for electrical covers; they should be securely 
in place. Oil and water on the floor are slip-and-fall hazards. Are the 
aisle ways clean and clear? Is there debris in front of the electrical 
panels? 

Most of these are common sense items. But a combination of 
quick thinking and preparation go a long way when an accident 
occurs. Devote the necessary time and energy to keeping your 
facility safe. A safe working environment, along with emergency 
response safety training performed flawlessly after countless drills, 
will make the difference.  

ABOUT THE AUTHOR: Marty keylon, past president of the Metal Heat treaters Association, is the owner of keylon thermal Consulting, a primary rep for north 
American Cronite, BeaverMatic industrial Furnaces, Vac Areo, and CeraMaterials.
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Quality CountS

     PROCESS AUtoMAtion  
              And CONTROLS 
             For CARBURIzING by Jim Oakes

Process control can be defined as the ability to meet certain parameters 
over time using inputs from the process and controlling outputs for 
desired results. Today’s control and sensor technology makes much 
of this automated. With technology enhancements come more 
sophisticated controls to make better decisions. The decisions can 
be on the process itself, productivity, quality, and safety. Traditionally 
the inputs for a process were disconnected. Today more of these are 
being brought together to provide a more holistic view of decision-
making.

For heat-treaters, inputs and control parameters depend on factors 
including heat-treating requirements, furnace type, sensor technology, 
controls, industry specifications and customer requirements.

PLCs, discrete microprocessor controls, and a hybrid of the two 
are what you see on most heat-treating equipment. Microprocessor 
controllers typically provide single or multiple PID control loops with 
expanded features such as event and recipe management. In many 
cases, the controllers are defined for specific processes or can be 
programmed to provide functionality for a specific process.

To get full use of the control technology, it is best to create an 
opportunity for repeatability and allow the level of flexibility that is 
necessary for the equipment and operation. A foundation for this is 
recipe control; a recipe is the step of the heat treatment process. 
It can be a simple ramp to temperature and a timed-soak; or a 
more complex process by which multiple temperature inputs, time, 
atmosphere, pressure and other variables need to be managed.

Incremental steps can be taken to put more automation in place and 
provide better access to information. Using recipe control to automate 
a nitriding, vacuum, carburizing, or even a simple temperature ramp 
soak, leads to greater chances of running the process correctly 
leading to repeatability. Automation of a process using programmable 
controls eliminates variations in process from shift to shift or operator 
to operator.

A recipe program is typically set up in advance to “step” through 
the process and automatically advance to the next step upon desired 

results leaves the controller in charge. Operators can be taken further 
from the decision process by implementing scanning technology so 
the recipe is automatically selected based on a Shop Card or Part 
Number. This reduces the chance for the wrong heat treat cycle and 
gets the parts heat-treated correctly the first time.

Carburizing specifications have become more stringent requiring 
more precise control during heat-treating. Effective case specifications 
are tight and there is a heightened awareness related to the carbon 
gradient on finished parts. There are many reasons influencing the 
tighter requirements but years of experience along with technology 
and data analysis gives manufactures more tools to evaluate field 
results and dial in required carburizing results.

To minimize the total time to carburize to a given case depth, 
processes are developed using a boost-diffuse methodology. The 
boost phase of the program/recipe is setup to introduce a high carbon 
potential at a high temperature. The high carbon potential produces 
a significant buildup of carbon on the part and using the higher 
temperature, it increases the carbon activity, developing a deep 

ABOUT THE AUTHOR: Jim oakes is vice president of business development for SSi SuperSystems. For more information, email him at joakes@supersystems.com 
or go to www.supersystems.com.
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case. The diffuse step, which typically immediately follows the boost 
phase, is a lower carbon potential and typically a lower temperature. 
This decreases the surface carbon and allows the carbon to diffuse 
deeper into the part. The combination of these processes produces a 
controlled carbon gradient to deliver the correct properties in the part.

In order to perform a boost diffuse cycle, proper furnace controls 
must be used to control atmosphere, temperature and time. Most 
furnaces today are equipped with in-situ atmosphere equipment to 
ensure that the desired carbon potential is met during these steps. It 
is also helpful to have an automated recipe programmable controller 
that can manage both temperature and carbon set points along with 
the specific time at each step.

Software applications, such as carbon profile modeling programs, 
provide a predictive approach to minimizing the time in a furnace. 
This is accomplished by using simulation to determine the most 
optimal process to meet the desired metallurgical results. Today, 
control technology and simulation are brought together to deliver 
precise control with the highest level of accuracy. Modeling software 
can be used not only to come up with the best boost diffuse model, 
but it can be used to control the process. When defining the desired 

carbon gradient, the programmable control uses this carbon curve 
as the direction. Computer modeling will provide you with the proper 
times for boosting and diffusing leading to a program (recipe), which 
is best suited to delivering the desired results.

Many heat-treaters of gears are looking for ways to improve 
process control to provide more repeatable results. The management 
of digital and analog inputs to achieve a desired result can be 
accomplished using many different types of instruments or manual 
processes. Process automation is the system put in place to minimize 
human labor, error and variation with mechanical and/or electronic 
equipment.  

“To get full use of the control technology, 
it is best to create an opportunity for 

repeatability and allow the level of 
flexibility necessary for the equipment 

and operation.”



metal urgency
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In this day and age, adding steps to the gear manufacturing process 
is not highly desirable unless the benefits far outweigh the costs 
incurred. One of the most common questions asked of metallurgists 
is “Why normalize?” Here are some compelling reasons why this 
process must be done if the goal is to produce high quality gears.

WHAT CAN NORMALIzE DO FOR ME?
Normalizing imparts both hardness and strength to iron and steel. 
In addition, normalizing helps reduce internal stresses (Fig. 1) 
induced by such operations as forging, casting, machining, forming 
or welding. Normalizing also improves microstructural homogeneity 
and response to heat treatment (e.g. annealing or hardening) and 
enhances stability by imparting a “thermal memory” for subsequent 
lower temperature processes. 

Parts that require maximum toughness and those subjected 
to impact are often normalized. When large cross sections are 
normalized, the process is followed by a tempering operation to 

further reduce stress and more closely control mechanical properties.
Normalizing differs from more severe quenching processes (Table 

1) and is typically performed for a variety of purposes, some of which 
include:

– Improve machinability;
– Improve dimensional stability;
– Modify and/or refine the grain structure;
–  Refine the microstructure (from operations such as forging 

where parts might have cooled non-uniformly from elevated 
temperature);

– Produce a more homogeneous microstructure;
– Minimize directional properties;
– Reduce banding;
– Improve ductility;
– Reduce strength;
–  Provide a more consistent response when hardening or case 

hardening.

Gear blanks are normalized for many of the reasons stated above 
and especially when consideration is being given to using elevated 
temperature carburizing processes, those above 930°C (1700°F).

By way of example, many gear blanks are normalized prior to 
machining so that during subsequent hardening or case hardening 

 COMPELLING reASonS 
            norMAlizing PRODUCES  
      HIGH QUALITy geArS by Daniel H. Herring

ABOUT THE AUTHOR: daniel Herring is “the Heat treat doctor” and owner of “the Herring group, inc.” For more information, call 630-834-3017 or visit www.
heat-treat-doctor.com.

Table 1:  Comparative property effects of normalizing [3]
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Figure 1:  Stresses induced by Heat treatment (SAe 1045) [1]
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dimensional changes such as growth, shrinkage, or dimensional change 
will be better controlled.

Soak periods for normalizing are typically one hour per inch of cross 
sectional area, but not less than two (2) hours at temperature. It is 
important to remember that the mass of the part or the workload can 
have a significant influence on the cooling rate and thus on the resulting 
microstructure. Thin pieces cool faster and are harder after normalizing 
than thicker ones. By contrast, after furnace cooling in an annealing 

process the hardness of the thin and thicker sections are about the same.
Low carbon steels (< 0.20%C) typically do not require normalizing 

unless a subsequent carburizing operation is to be performed; however, 
if these steels are normalized, no harmful effects result. Castings with 
relatively uniform wall thickness and section sizes are usually annealed, 
rather than normalized. Other castings benefit from normalizing, 
especially those having a complex shape or interconnected thick and 
thin sections that are prone to high levels of residual stresses benefit 
from normalizing. The microstructure obtained by normalizing depends 
on the composition of the castings (which dictates its hardenability) and 
the cooling rate.

GOOD NORMALIzING PRACTICE
Properly normalized parts follow several simple guidelines which include: 
(a) heating uniformly to temperature and to a temperature high enough to 
ensure complete transformation to austenite, (b) soaking at austenitizing 
temperature long enough to achieve uniform temperature throughout 
the part mass and (c) cooling in a uniform manner in still air.

Normalizing temperatures (Table 3) vary by material grade. In 
addition, some material grades such as plain carbon steels are 
normalized near the upper end of normalizing temperature range. 

When normalizing is used as the final treatment, however, normalizing 
temperatures closer to the lower limit of the normalizing range are 
used. By contrast, steels to be carburized are typically normalized at 
a temperature 10°C – 25°C (25°F – 50°F) higher than the selected 
carburizing temperature, which helps minimize distortion during 
carburizing. Certain carburizing grades (e.g. SAE 3310) require 
double normalizing to control subsequent dimensional change. 

EFFECT OF NORMALIzING ON GEAR SIzE
Within the gear industry, the benefits of normalizing small gears – 
typically those under 125 mm (5”) or certain AGMA classes of gears 
– has been the subject of intense scrutiny and investigation [5]. On 
large gears, manufacturers have been able to demonstrate more 
consistency and lower distortion which has resulted in a number of 
benefits including less time in finish machining operations, reduced 
scrap rates, labor savings and a reduction in overall cost.

Substituting a stress relief step during the heat treatment cycle in 
lieu of a separate normalizing operation for rough machined gears 
of carburizing grade materials has not been found to be effective. 
Typically, a cutting tool can impart significant residual stress into a 
stress-relieved part when the hardness is above HRC 30. A softer 
normalized part with a pearlite/ferrite microstructure will usually not 
be subject to significant residual stresses since the cutting tool will 
separate the material along the grain boundaries.

NORMALIzING PROBLEMS 
Normalizing is not without its share of problems, one of the most 
common being distortion known to occur with relatively thin wall 
material or material having both thin and thick sections. It is often 
traced to improper load support resulting in warpage due to either 
high temperature creep or stresses induced during cooling. Other 
common normalizing problems are related to using too rapid a cooling 
rate from normalizing temperature or too short a time at temperature. 
Most problems are avoidable by controlling both the equipment and 
process-induced variability.

FINAL THOUGHTS
In this writer’s eyes, the benefits of normalizing far outweigh the 
costs involved, especially when one considers costs associated with 
post heat treatment problems which may have been avoided by 
normalizing.  
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Table 2:  Comparative Hardness effects of normalizing [4]

SAE Grade Recommended Normalizing Temperature 

°C °F

1020 915 1675

1045 860 1575

1095 845 1550

4140 870 1600

8620 925 1700

9310 925 1700

Table 3:  Selected normalizing temperatures [4]
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    FUTURE oF HEAT treAting 
          oF GEARS iS SIMILAR to 
   gArAge SAle MENTALITyby Jack Titus

When and how does a heat treater determine whether to purchase 
new equipment or rebuild an old furnace? 

Several years ago I participated in a Heat Treating Society 
effort entitled Vision 2020 to set a course to identify areas of 
development critical to ensure the health of the metallurgical and 
heat treating industries. Genre such as high temperature furnace 
alloys, elevated temperature carburizing steels, more energy 
efficient furnace insulation, and heating systems are just a few 
areas of interest to receive attention. As a furnace guy, my interest 
is furnace and process development. How’s it going? Well, in a 
phrase: sunny, windy, and rainy. Some days it feels like yea, we 
can see the future so clearly while other days we ask: Are we stuck 
in the mud or what? 

That observation may seem to discount our own efforts, but you 
have to understand the heat-treating industry: no one in their right 
mind would want to heat treat anything. Why? It’s that old “scorch 
& warp” sentiment. And here we are still after millennia, heating 
and quenching steel. Sure, we’re Sure we’re not embedding gears 
in charcoal any longer to add carbon, and we’re not forging hand 
tools to move parts from furnace to quench. But we can now 
quench in helium. That’s worth something, isn’t it? If it were eeasy, 
we would have found the solution a long time ago.

It’s a struggle no doubt, but why is it taking so long? Because 
we love it. For me it’s like reading a can’t-put-it-down book; I don’t 
want it to end. It’s a contradiction in terms, the effort is never 
ending but we must get there somehow.

The heat treat furnace industry I believe is very similar to the 
“garage sale” mentality: everyone loves a bargain. So, too, when 
it comes to heat treating. Heat treat furnaces are like when you’re 
Driving through the countryside, you see a farmhouse with a dozen 
rebuilt lawn mowers for sale. Furnaces, like lawn mowers, have 
nine lives. 

If this preamble sounds depressing, don’t worry. For us, 
rebuilding furnaces is a good business. When the economy is 

struggling manufacturers try to save money by rebuilding furnaces 
opposed to purchasing new equipment. So that begs the question: 
When and/or how does a heat treater determine which approach 
makes more economic sense? To help make that decision here’s 
ten factors to consider:

1. The type of furnace you need or already have.
2. The age of the furnace.
3.  Furnaces built prior to 1979 likely have asbestos is wrapped 

ducts or around hot pipes.
4.  Furnaces built prior to 1979 likely have 100 percent relay 

logic in the control cabinet.
5.  These furnaces have old burner designs that, at best, achieve 

50 percent heating efficiency.
6. You’re probably still carburizing at 1650ºF [899ºC].
7. You go through several oxygen probes a year.
8.  You still have the old infrared gas analyzers that you 

continuously zero and span.
9. You are still replacing furnace radiant tubes frequently.

10.  Finally, nothing is working; your case depths are shallow, your 
furnace is a soot machine and maintenance is ready to walk 
out the door.

Is this what’s bothering you, Bunkie? Here are some answers: 

1.  There are two types of furnaces: batch and continuous. Some 
continuous furnaces require frequent part replacements such 
as mesh belts, which last maybe 18 months, 24 months 
if you’re really lucky. Cast-link belts last much longer for 
reasons covered in previous columns. Pit furnace fixtures 
require frequent replacement (once a year is average). The 
retort maybe two or three years. 

2.  Furnaces manufactured decades ago, like automobiles, were 
made from thicker steel plate, so the basic structure can last 

ABOUT THE AUTHOR: Jack titus is the director of process and developmental engineering with AFC-Holcroft. For more information, call 248- 668-4040 or 
go online to www.afc-holcroft.com or www.ald-holcroft.com.
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for several decades. The location has an impact on steel, 
for atmospheric issues like salt air. Refractory, however, if 
[IFB] insulation fire brick, will usually last eight to ten years 
with a few pointers along the way. A ceramic fiber blanket  
can withstand frequent temperature heat and cool swings, 
but when used in carburizing atmospheres will require 
replacement in, say, five years. 

3.  Many times, instead of paying for the cost and liability 
associated with asbestos removal, the entire furnace is 
scrapped. This has occurred even with large pusher furnaces.

4.  Relay logic is still used today, primarily because of insurance 
requirements like Federal Mutual [FM] or Industrial Risk 
Insurers [IRI] where heating or atmosphere control is 
required. There is PLC equipment that will comply with 
specific codes, but sometimes it’s just more cost effective to 
use relays. Replacing the control cabinet is the easy part; 
the real cost comes from replacing the conduit and wiring, 
especially on a large pusher furnace. In many instances, if 
the furnace steel is in good enough condition, we’ll ship the 
complete furnace to one of our facilities and restore it there 
more cost effectively. Rebricking is possible, usually at the 
customer’s plant.

5.  Burners are an item we purchase depending on the 
customer’s preference. There are two basic types: single 
ended recuperated [SER] where there’s only one alloy 
radiant tube, a tube within a tube, actually. The burner flame 
is directed through the inner tube and returns between 
the inner tube and the ID of the outer tube. The returning 
combustion products heat the incoming combustion air 
thereby reducing the overall heat required from the fuel. The 
second type, primarily found in the U.S., is the traditional “U” 
tube. Here, the burner simply fires down one leg and back 
the other. Recuperation can be insituted in the exhaust leg 
or external to the exhaust leg. The advantage of the “U” tube 
can be that only one-half of the burners are required. To really 
take advantage of the SER burner the outer and inner tube 
should be made from reaction-bonded silicon carbide. Since 
there’s half the number of tubes to provide the firepower, the 
tubes must run hotter than the limits of today’s heat-resisting 
alloys. Today’s burners of either type can achieve 65 percent 
efficiency, depending on the operating temperature. The 
highest efficiencies are achieved between 1000ºF [537ºC] 
and 1400ºF [760ºC]. 

6.  One of the major directives of Vision 2020 was reducing 
carburizing time. The easiest way? Carburize at higher 
temperatures. Increasing the carburizing temperature 50ºF 
[28ºC] will reduce the carburizing time by 25%. Increasing 
temperature by 100ºF [55ºC] will reduced the carburizing time 

by 50%. And this is where the steel suppliers can help. A few 
gear OEM’s, if their design, size, and composition will allow, 
are carburizing at 1750ºF [954ºC]. Some are experimenting 
at 1800ºF [982ºC]. At these temperatures, today’s heat-
resisting alloy’s strengths are marginal at best, and  burner 

efficiencies lose their advantage at these high temperatures. 
Suddenly, electric heating becomes as competitive as it is in 
many European countries, since, if controlled properly, it can 
achieve nearly 100 percent efficiency.

7.  Compared to yesterday’s infrared analyzers and early probes, 
today’s oxygen probe has made carbon potential control 
almost an afterthought. 

8.  But those who like to push the limits of carburizing speed and 
near-saturation carbon potential control still rely on CO, CO2 

and methane gas analysis to either confirm or replace the 
probe as the primary control sensor.

9.  Another pet goal of mine regarding Vision 2020 was high 
temperature materials. Silicon carbide radiant tubes have 
come a long way since the days of the 3M SiC-impregnated  
“U” tube return bends and old school adhesives. Now cast 
SiC and reaction bonded tubes and enhanced compositions 
that have improved thermal shock resistance. We have 
successfully applied both, even the reaction-bonded tubes, 
in vacuum applications. Care must still be exercised when 
handling either material; they are ceramic and, as such, 
have low-impact strength, but cannot be matched for high 
temperature strength. The ideal material would combine the 
strength of ceramic and toughness of metal. These materials 
exist, but are so expansive they will not find their way into our 
industry for years to come.

10.  After all is said and done with all of the latest technology, 
furnaces can still rear up and bite us when we’re not looking. 

So if case hardening gears is your goal, quenching and controlling 
distortion is still the critical parameter and the one we still are trying to 
fully understand. And carburizing at higher temperatures only makes the 
task more difficult. As we gain experience with tools like computerized 
fluid dynamics [CFD] and designer fluid properties, furnaces will be 
even more integrated with smarter controls. Stay tuned.  

“When and/or how does a heat treater 
determine which approach makes more 
economic sense?”
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By Sherri Mabry

One of the largest heat treaters and heat treat equipment 
manufacturers in the country explains capabilities for gear 
manufacturing.

Solar Atmospheres

Company profile
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With plants in Souderton and Hatfield, Pennsylvania, and a 
new plant in Fontana, California, Solar Atmospheres’ group of 
manufacturing and heat-treating companies remains a family-owned 
business with unrivaled sales and growth.

“My father was the founder and he remains an integral part of the 
company. He is my mentor,” said Roger Jones, corporate president 
of Solar Atmospheres and its sister companies. “He started out with 
Abar Corporation in 1965 as a chief engineer and was promoted 
to vice president of operations and eventually president. Abar 
manufactured vacuum heat-treat furnaces. When Abar was sold 
my father saw a need for bringing commercial heat-treating to the 
industry for processing parts for OEMs. He started Vacuum Furnace 
Systems (VFS) and then later sold that company before starting Solar 
Atmospheres to expand into commercial vacuum heat-treating. In 
2002, he founded Solar Manufacturing to produce vacuum furnaces 
specifically for the manufacturing industry and heat treaters, so we 

basically came full circle in heat treating and vacuum heat treat 
equipment manufacturing.”

With the elder Jones as CEO, Jones says the company has the 
potential to continue operating as a family-owned business for 
generations. “My two sons are also employed with Solar Atmospheres 
and will continue the family name.”

In 1992, the company expanded into a new 24,000-square-foot 
facility built specifically for vacuum heat treating and brazing. Additional 
space was soon needed, and another 10,000-square-foot plants 
opened in Hatfield, Pennsylvania, to handle the company’s need for 
brazing and ion-nitriding. Solar atmospheres Eastern Pennsylvania is 
located in Souderton. The heat-treat facility in Souderton consists of 
about 75,000-square-feet of space and is situated next door to the 
85,000-square-foot plant furnace manufacturing facility.

As the customer base continued to expand, a third location was 
opened in Hermitage, Pennsylvania. Solar Atmospheres Western 

When William R. Jones founded Solar Atmospheres in 
1983, he brought decades of experience in vacuum furnace 
equipment and heat-treating to the manufacturing industry. 
Jones realized there was a need for manufacturers and job 
shops to outsource the thermal processing of their metal 
parts and raw materials and his vision ultimately resulted 
in the creation of one of the largest independently owned 
commercial heat treat companies in the United States.
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Pennsylvania (SAWPA) was born in 2001. 
SAWPA is located at the center for the large 
vacuum furnace processing and technology 
market. The 125,000-square-foot facility serves 
customers in the aerospace, titanium, electrical 
power generation, and oil and gas markets.

As growth continued, SAWPA installed its 
second and third 24-foot car bottom furnaces, 
and worked with Solar Atmospheres of Eastern, 
PA, and Solar Manufacturing to design and 
install an advanced vacuum carburizing furnace, 
which provides repeatable carburizing results.

Together they also designed and installed a 
vacuum gas nitriding furnace to reduce cycle 
times in nitriding. Over the years the SAWPA plant 
has increased capacity several times and is now 
one of the world’s largest commercial vacuum 
furnace facilities housing a 36-foot-long car 
bottom furnace with a load capacity of 150,000 
pounds. SAWPA also recently received the 2012 
Master Craftsman Commercial Heat Treater of 
the Year Award by the Metal Treating Institute.

The company’s fourth location in Southern 
California, is a 25,000-square-foot facility 
in Fontana, California, and includes several 
furnaces including a 24-foot car bottom furnace. 
The Fontana plant is about 40 miles East of Los 
Angeles and serves many industries, including 
aerospace customers along the West Coast.

Solar currently employs 225 workers at four 
locations, and Jones anticipates that more 
employees will be added in the next couple 
years as a new facility opens in the Southeast.

“If the manufacturing industry continues to 
grow, we expect continued growth of 10 percent 
or greater at each of our facilities,” Jones said. 
“We are now one of the top 10 heat treaters in 
the country. Our growth far exceeds the general 
heat-treating industry and our sales have more 

than tripled in the past 10 years. We expect that 
to continue. In the next year-and-a-half we will 
open a new facility in the Southeast, probably in 
the Carolinas to meet the needs of that region.”

Members of the National Association of 
Manufacturing (NAM) and the Metal Treating 
Institute (MTI), the Society of Manufacturing 
Engineers (SME), SAE International, and the 
Precision Metalforming Association (PMA), 
among others, Solar Atmospheres is dedicated 
to providing the highest standards of commercial 
heat treating for the manufacturing industry.

Jones said the company serves a diverse 
customer base which includes aerospace, 
automotive, power generation, medical implants 
and instruments, defense, electronic, fabricators 
and power generation with heat treating services 
and equipment for any size job.

“Our biggest market is the manufacturing 
industry,” he said. “As more and more 
manufacturing downsizes or goes offshore, it 
hurts the country and the entire industry, so we 
are committed to supporting manufacturing in 
the United States. Our primary customers are 
automotive parts, aerospace, raw materials, 
metals joining and brazing and other auxiliary 
areas,” he said. “On the furnace building side 
we build furnaces for companies like GE for 
aerospace and aircraft parts or Pratt Whitney. 
We also supply equipment to companies who 
perform captive heat-treating internally. We 
do heat treating for numerous customers. 
Our furnaces are used to perform thermal 
processes on micro-surgical instruments, 
aircraft components and many other products, 
in addition to vacuum heat treating, vacuum 
brazing, vacuum carburizing, vacuum nitriding, 
diffusion bonding, annealing and stress 
relieving.”

Jones said the company works closely, 
particularly with helicopter manufacturers and 
others who need gears manufactured and 
thermally processed to high tolerances.

“Specifically for gearing we offer vacuum 
carburizing, traditional heat-treating and vacuum 
gas nitriding,” Jones said. “The Souderton 
facility is the largest for heat treating of gearing 
and materials. Here, there are four units for 
vacuum carburizing of gearing material, one 
furnace for vacuum nitriding and four furnaces 
for ion-nitriding for gears and gearing. For 
this (Souderton) facility is the largest for heat-
treating, of gearing and materials. The facilities in 
Hermitage and Fontana both have furnaces for 
vacuum carburizing used particularly by gearing 
manufacturers. We also conduct a lot of R&D for 
processing gears.”

Solar Manufacturing, an affiliate company of 
Solar Atmospheres, offers a line of furnaces for 
manufacturers who have captive in-house heat-
treating needs and commercial heat treaters who 
process parts for manufacturers without heat-
treating equipment. Solar Manufacturing’s’ line 
includes the HFL-EQ series of horizontal front 
loading external quench furnaces, the HFL-IQ 
series of horizontal front loading internal quench 
furnaces, the HCB-2EQ series of horizontal car 
bottom furnaces, the VBL-EQ series of vertical 
bottom loading furnaces, the HFL-VC series 
of horizontal front loading vacuum carburizing 
furnaces, the HVN series of horizontal front 
loading vacuum gas nitriding furnaces, and 
the VTL series of vertical top loading vacuum 
furnaces.

A successful history of heat treating paired with 
experienced engineers, metallurgists and others 
allow its affiliate companies of Solar Manufacturing 
to produce the most technically advanced and 
highest performing furnaces available.

“With over 40 different vacuum furnaces 
operating 24/7 at Solar Atmospheres, our 
employees at each location are constantly 
providing feedback to Solar Manufacturing and the 
companies work together to improve performance 
and processes,” Jones said. “Together, along 
with customer collaboration, we have developed 
new designs for graphite insulation, curved 
graphite heating elements, tapered gas nozzles, 
high velocity gas quench system and energy 
management procedures.”

The HFL-IQ model is a horizontal front-loading 
internal quench, vacuum heat-treating and 
brazing furnace designed for high production 
commercial and captive heat-treating shops. 
It offers electric resistance heating elements 
and energy efficient graphite insulation for high 
temperature applications up to 2650º F and 
quench pressure to 20 Bar.
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The HFL-EQ series is a horizontal front loading, 
external quench, vacuum heat-treating and 
brazing furnace for high production commercial 
and captive heat-treating shops. With a variety 
of work zone sizes and external gas quenching 
for rapid cooling at positive pressures up to 10 
Bar 134 PSIG, the model is fully automated with 
programmable industrial controls.

The HCB-2EQ model is a horizontal, car 
bottom, vacuum furnace for large, heavy 
loads. It is a high-temperature, high-vacuum 
batch furnace with electric resistance heating 
elements both in the circular hot zone and a 
full length of the car bottoms with front and rear 
hinged autoclave-type doors for loading and 
unloading from both ends of the furnace. This 
dual high performance external gas quenching 
system provides high velocity, 2 bar cooling of 
large workloads.

Carburizing furnaces in the HVC-3872-101Q 
model is a horizontal front loading, internal 
quench, vacuum carburizing unit that is 
designed for high production commercial and 
captive heating shops, while the HFL-3648-LT 
is a horizontal front loading vacuum gas nitriding 
furnace with electrical resistance heating 
elements for commercial and captive shops.

All Solar Manufacturing’s vacuum furnaces 
are designed for high production commercial 
and captive heat-treating shops. They offer 
electric resistance heating elements and energy 
efficient graphite insulation for high temperature 
applications up to 2500º F. Each series of 
furnace models offer a wide variety of work zone 
sizes and two gas-quenching configurations 
(external or internal) for rapid cooling at positive 
pressures up to 285 PSIG (20-bar). Vacuum 
pumping systems are geared to provide the 
vacuum levels required by the customer and 
designed in the configuration to suit their facility 
space.

All Solar furnaces are provided with fully 
automated programmable logic control systems. 
Customers can select from three platforms of the 
SolarVac™ interactive control systems allowing 
furnace operators to control and monitor all 
furnace functions through an industrial-grade, 
color LCD touchscreen operator interface 
with custom displays. Whether the customer 
chooses the base SolarVac 3000™, the SolarVac 
4000™ or the PC-based SolarVac 5000™, all 
control systems provide recipe storage, alarm 
management, data acquisition and reporting 
functions.

All production vacuum furnaces offer high-
temperature, high –vacuum performance with 
circular hot zones and a hinged front door for easy 
loading and unloading (some models include a 
rear hinged door).

Laboratory furnaces are designed for research 
and development applications in laboratory or 
university settings. They are high temperature, 
high vacuum, and batch-type furnaces with 
hanging heating elements of graphite or 
molybdenum for rapid, uniform radiant heating 
and available forced gas cooling. The entire 
furnace is mounted on a compact, heavy-duty 
steel platform for restricted space.

Other Solar Manufacturing products include 
replacement hot zones, a full line of aftermarket 
spare parts to keep furnaces running, and on-site 
technical service to maintain and troubleshoot 
furnaces when needed.

According to Jones, Load trucks from 7,500 
pounds to 20,000 pounds and Conservac 
Microprocessor Controls are also available, in 
addition to aftermarket and spare parts.

“We also have a large R&D department 
where we work with our customers to develop 
processes and models,” he said. “Having a R&D 
metallurgical engineering services department 
is unusual for a commercial heat treating 
company, and it is a great value for us and for 
our customers. We have an onsite metallurgical 
laboratory for complete evaluations of any heat 
treated materials and the lab is staffed by our 
project engineer and a dedicated technician 
and metallurgical and chemical consultants to 
provide the highest standard of the treatment and 
behavior of metals under thermal processing. 
With our experience and knowledge, we can 
optimize heat treatment processes to obtain the 
desired material properties for individual heat 
treating requirements.”

Jones said the company’s R&D department 
also does the work for its customers in a 
production area or the customer might buy a 
piece of equipment and do the work themselves.

“As members of the Metal Treating Institute, 
the Souderton facility is number one in sales in 
its district and has been number one for the last 
10 years,” he said. “As commercial heat treaters 
you look at critical levels of success in relation to 
everyone else. Nationally this facility is in the top 
10. Our facility in Hermitage is number two in its 
district in the Midwest and the California facility 
is still in its infancy, but has a good share of the 
market for the West Coast.”

Part of the company’s commitment to 
excellence includes continuous updates to 
processes and system in accordance with 
ISO9001 AS9100. Solar is Nadcap accredited 
for aerospace component heat treating, 
and complies with industry standards and 
specifications for AMS, AWS and International 
Traffic in Arms Regulations (ITAR).

“Our mission is to add value to our 
customer’s operations in thermally treating 
parts in a vacuum environment,” Jones said. 
“Our customers come to us because they trust 
that the company has the capabilities and 
expertise to meet their specific needs, even 
when the customer isn’t exactly sure what they 
need.”    

FOR MORE INFORMATION: visit www.
solaratm.com, call 1-800-347-3236 or email info@
solaratm.com.
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Austempering: An Old Process  
with New Potential for Gears
By J.J. Lefevre and K.L. Hayrynen

The Austemper heat treat process was first 
developed in the 1930’s. Its application was 
initially limited to low volume, relatively small 
steel components. This has quietly changed 
in recent decades via the development of 
furnace technology and the process knowledge 
to produce Austempered Ductile Iron (ADI), 
Austempered steel, and Carbo-AustemperedTM 

steel. Austempered materials provide unique 
opportunities for gear applications. This article 

will review the basics of Austempering and 
discuss why these materials should be of 
interest to gear designers. 

INTRODUCTION–THE 
AUSTEMPERING PROCESS
Austempering is an isothermal heat 
treatment process that can be applied to 
ferrous materials to increase strength and 
toughness. Figure 1 compares Austempering 

to a conventional quench and tempering 
(Q&T) process on a schematic isothermal 
transformation (I-T) diagram. Austempering 
consists of austenitizing followed by rapidly 
quenching to temperatures in the range of 
260-385°C (500-725°F) where the material 
is then transformed isothermally to form 
either Ausferrite (acicular ferrite and carbon 
stabilized austenite) in cast iron, or Bainite 
(acicular ferrite and carbide), in steel. The 

ADI is a lower-cost alternative to through-hardened, gas-nitrided, induction-hardened, 
carburized and hardened steel gears, having comparable or improved performance.
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Q&T process consists of austenitizing 
and then rapidly quenching below the 
Martensite start line. The Martensite 
that forms is very hard and brittle, and 
subsequently must undergo a tempering 
step to acquire the desired combination of 
strength and toughness.

In a Q&T process, the formation of 
Martensite occurs at the speed of sound 
as the metal temperature drops below the 
Martensite start temperature. Distortion 
and/or cracking can occur due to non-
uniform transformation as the center of 
the part cools more slowly and transforms 
to Martensite after the surface has fully 
transformed into a hard, brittle material. 
Since the formation of Bainite or Ausferrite 
occurs over minutes or hours at a single 
temperature, distortion is minimized and 
cracking does not occur.

Carbo-Austempering™ is a heat treat 
process used on certain steels where the 
surface of the part is carburized, followed 
by quenching to a temperature where the 

steel is held isothermally to produce a high 
carbon, Bainitic case. When this process 
is applied to low-carbon steels, it results 
in the formation of a Bainitic case and a 
low carbon, tempered Martensite core. For 
medium carbon steels, Bainite is formed 
throughout the cross-section of the part.

AUSTEMPERED DUCTILE IRON
Austempered Ductile Iron is a family of several 
different grades of heat-treated ductile iron in 
which the final properties are determined by 
the selection of heat treatment parameters. 
International organizations like ASTM, SAE and 
ISO all have published ADI standards. Table 1 
compares the minimum tensile properties of ADI 
to several different standards organizations.

One of the earliest high volume 
applications of ADI occurred when General 
Motors replaced carburized and hardened 
steel hypoid ring and pinion axle gears with 
ADI in the 1970’s.  Even though no known 
warranty failures occurred with these 
components, gears continue to be one of 

the most underdeveloped markets for ADI.
Figure 2 compares allowable contact 

stress for ADI gears to competitive materials 
as a function of hardness.  The Young’s 
modulus (stiffness) of ADI is approximately 
20% lower than that of steel.  As a result, 
ADI gear teeth conform more than ones 
made of steel.  This increases the area 
of contact, which, in turn, decreases 
the Hertzian contact stress for a given 
load.  Examination of the data in Fig. 2 
shows that ADI competes favorably with 
through-hardened, nitrided and induction-
hardened steels when contact stress is 
considered.

Figure 3 compares allowable root 
tooth bending fatigue strength of ADI to 
conventionally heat-treated steels for gear 
applications.  Examination of this data 
demonstrates that ADI competes favorably 
with cast and through-hardened steels.  
When shot peened, the fatigue strength 
of ADI is markedly improved, allowing it 
to be competitive with gas-nitrided and 

Figure 1: 
Schematic 
I-T Diagram 
illustrating the 
Austempering 
and Quench 
& Tempering 
Process.  The 
basic crystal 
structures are in 
parenthesis.

Figure 2:  A 
comparison 
of allowable 
contact stress 
vs. hardness for 
ADI and various 
steel-based 
material/process 
combinations.
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case-carburized steels.  In general, shot peening will improve the 
allowable bending fatigue of conventionally carburized steels by 
30%, and up to 75% for ADI.

Another consideration for ADI gears is this: cast iron has a higher 
damping coefficient than steel, due to the presence of graphite 
in the base material. As a result, there is a potential to design 
quieter gear sets with ADI than steel. Furthermore, because the 
Austempering process is a uniform heat treatment in comparison 
to those based on a Q&T process, the opportunity to hold tighter 
tolerances during heat treatment exists because the growth is 
more uniform. All of the aforementioned potential benefits of ADI 
typically occur at a cost reduction of approximately 20%.  

AUSTEMPERED AND  
CARBO-AUSTEMPERED STEEL
Austempered and Carbo-AustemperedTM Steel is Lower Bainite. 
This material is often referred to as “maximum Bainitic. When 
Austempered steel is produced, the desired final microstructure 
hardness” and is produced by isothermal transformation to a final 
Rockwell C hardness (HRC) of > 40. Lower Bainite should not 
be confused with Upper Bainite (with a final HRC in the range of 
25 – 35), which is formed by transforming through a temperature 

range due to a slack quench during a Q&T process.  Furthermore, 
isothermal holding does not necessarily guarantee that an 
Austemper process has been done correctly.  The isothermal hold 
must be done above the Martensite Start temperature to assure 
that Lower Bainite is produced rather than untempered Martensite. 
If Lower Bainite is not produced, then the unique properties 
of Austempered steel will not be realized. Misunderstandings 
about the fundamentals of the Austempering process likely have 
incorrectly diverted design engineers from considering Bainitic 
steels for gear applications.

Figure 4 compares the finite life fatigue regime of Austempered 
4340 steel to Q&T 4340 steel at 45 HRC. Lower Bainite is more 
resistant to crack formation as indicated by higher finite life fatigue 
strength. This increased strength makes Austempered steel ideal 
for applications where an occasional overload might occur.

Low to medium carbon steels are good candidates for Carbo-
AustemperingTM.  Typically a high carbon, Bainitic case (HRC 50 
– 60) is produced on a component with a lower-carbon, tempered 
Martensite core (HRC < 40).  In some instances, advantages have 
been realized in medium carbon alloy steels with a high carbon, 
Bainitic case (45 – 50 HRC) on a medium carbon, Bainitic core 
(45 – 50 HRC).

Figure 4:  Stress amplitude versus fatigue life for Austempered and Q&T 4340 
steel at 45 HRC.  Data represents fully reversed axial loading.

Figure 5:  A rotating bending fatigue comparison of 8622 steel that has been 
Carbo-AustemperedTM and Carburize Quench & Tempered.

Figure 6: Load versus cycle to failure for single tooth bending fatigue testing of 
Carbo-AustemperedTM and Carburized Q&T 8620 timing gears.

Figure 3:  A comparison of the allowable gear tooth root bending fatigue versus 
hardness for ADI and various steel-based material/process combinations.



thermalprocessing.com  |  27

Carbo-Austempering™, like Austempering, is a low-distortion 
heat treatment process in comparison to a conventional 
carburize and harden process. During Carbo-Austempering™, the 
transformation begins in the center or core of the part, resulting in 
the formation of compressive stresses as the outside layer or case 
transforms last during heat treatment. The residual compressive 
stresses on the surface of Carbo-Austempered™ steel result in 
improved high-load, low-cycle fatigue properties as compared to 
conventional Carburized Q&T steel. This is illustrated in Fig. 5, 
which contains rotating bending fatigue curves for both Carbo-
Austempered™ and conventionally carburized Q&T 8622 steel.

The surface hardness for the specimens in Fig. 5 was 58 HRC 
with an effective case depth of 0.76 mm (0.03 inches). Note 

Figure 7: A rear differential hypoid gear and pinion set. ADI replaced carburized 
and hardened steel, eliminated the need for a press quench, increased machine 
tool life, reduced gearbox noise, increased the torsional ultimate strength, 
decreased scoring, and reduced the overall cost of the gear set. [1]

Figure 8: An internal gear used in an automatic transmission. The reduction of 
cost and distortion were benefits seen in this application. [1]
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the superior performance of the Carbo-
Austempered™ steel in the low cycle regime 
(<105 cycles) where improvements in 
fatigue strength of up to 40% can be 
realized. This trend also occurs in tooth 
root bending fatigue testing. Figure 6 
shows the tooth root bending fatigue life 
of Carbo-Austempered™ and Carburized 
quenched and tempered 8620 steel timing 
gears for diesel engines.

A uniform heat treatment process is 
used to produce austempered steel gears. 
As a result, there is an opportunity to 
hold tighter tolerances when machining is 
completed prior to heat treatment. Lower 
Bainite is more resistant to crack formation 
than tempered Martensite at HRC levels in 
excess of 40; thus, it lends itself well to 
applications where an overload might occur. 

APPLICATIONS OF  
AUSTEMPERED GEARS
While Austempered Ductile Iron is not a 
replacement material for all steel gears, 
the mechanical properties of ADI warrant 
careful consideration from engineers. The 
applications for ADI gears have ranged 
from hypoid differential gears and pinions 
(Figure 7), to transmission annular gears 
(Figure 8), to worm wheels, and to diesel 
engine timing gears. In some applications, 
where the loads permitted, ADI replaced 
previously carburized and hardened gears; 
Figures 7, 8, and 10 show examples of 
these applications. The galling resistance 
of ADI has enabled engineers to design 
worm wheels for some applications and 
realize large material cost reductions over 
bronze.

The growth in applications of Austempered 
components has been closely linked to the 
development of new furnace technologies. 
In the 1930’s, salt-to-salt lines were the only 
Austempering lines available, thus limiting 
the size and volumes of Austempered 
components. Since the 1960’s, additional 
furnace technologies, namely belt lines 
and Universal-Batch-Quench-Austemper 
(UBQA) furnaces, have been developed to 
allow for different sizes and shapes of steel 
and ductile iron to be Austempered.  As 
furnace technologies continue to develop, 
the opportunities in the world of gears will 
continue to evolve.

Large ADI segmented mill gears have 
been produced for upwards of 20 years in 
Europe, but the utilization of segmented 
ADI gears has been stifled in the United 
States by concerns over potential for 
failures at the joints. Furthermore, the 
segment size has been limited by the 
ability to Austemper larger gear segments.  
New furnace technologies are reducing 
this limitation. The Applied Process 
Group, in coordination with AFC-Holcroft, 
has recently commissioned a “monster” 
furnace that creates new opportunities for 
large Austempered gearing. With a basket 
size of 2134 X 2438 X 1422 mm and a gross 

iSo
17804

issued 2005

Sae
J2477

issued 2003
revised 2004

aStm
a897/a897m
issued 1990

revised 2006
reapproved 2011

China Std
gb/t24733
issued 2009

800-500-10 750-500-11 750-500-11 800-500-10

900-600-08 900-650-09 900-650-09 900-600-08

1050-700-06 1050-750-07 1050-750-07 1050-700-06

1200-850-03 1200-850-04 1200-850-04 1200-850-03

1400-1100-01 1400-1100-02 1400-1100-02 1400-1100-01

1600-1300-01 1600-1300-01

Figure 9: This gear and axle is in the final drive of a commercial riding mower. ADI replaced a three piece 
carburized and hardened steel assembly. There are no known service failures of this part Courtesy of Farrar 
Corporation.

Table 1:  A comparison of the minimum tensile properties (UTS, yield and %EL) of ADI per the ISO, SAE, ASTM and China Standards.
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load of 9.1 metric tons, larger gears can 
now be produced in ADI that had previously 
been made in steel (Figure 10).

Austempered steel offers a unique 
opportunity for gear designers. Because of 
the combination of strength and toughness 
above 40 HRC, Austempered steels 
offer a low-distortion heat treat option for 
conventionally through-hardened gears that 
should provide higher allowable contact and 
tooth bending fatigue strength along with 
excellent resistance to shock loads.  Light 
vehicle transmission reverse gears, shown in 
Figure 11, are one example of an application 
where Austempered steel excels.

Carbo-Austempered™ steel gears push 
the limits of bending strength for gear 
designs, and many of the applications 
reflect this. 

SUMMARy
ADI, Austempered steel and Carbo-
Austempered™ steel can provide engineers 
with unique tools for gear design. ADI is a 
lower -cost alternative to through-hardened, 
gas-nitrided, induction-hardened, and 
carburized and hardened steel gears. It has 
comparable or improved performance due 
to its high levels of strength and ductility, 
decreased distortion, ease of manufacturing 
and availability. Austempered steel has 
excellent properties above 40 HRC that allow 
for press quenches to be eliminated and for 
the handling of high shock loads. Carbo-
Austempered™ steel pushes the limits of the 
overload capacity of gear teeth with reduced 
levels of distortion.

Developments in the Austempering process 
have allowed for other manufacturing steps 
to be reduced or eliminated and cost and 
performance benefits to be secured.  On-
going research continues to further develop 
an understanding of the performance of 
Austempered materials.  Certainly, these 
materials may not be the solution for all gearing 
challenges; however, their true potential has 
barely been tapped.  The challenge now 
is for gear designers to determine if their 
design sophistication is high enough to fully 
take advantage of these “new” materials. 
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How to Avoid Heat Treatment Problems 
When Launching New Gear Programs
By C. Zimmerman, C. Bassetti, and P. Connor

So you’ve just secured an exciting new gear-
manufacturing project and it’s time to start 
production planning. Heat treatment, such 
as carburizing, hardening and tempering, 
or nitriding, is a critical operation required 
to manufacture gears. It makes them wear-
resistant, develops excellent mechanical 
properties, and increases fatigue life.  
Heat treatment is also the source of 

many potential problems and pitfalls. It 
can produce unpredictable amounts of 
distortion. In addition to distortion caused 
by heat treatment alone, residual stresses 
present in gears from prior operations (such 
as steel making, forging, machining, and 
grinding) will also be relieved during heat 
treatment, and will manifest themselves 
as additional unpredictable distortion that 

heat treaters have no control over. Heat 
treatment also poses a risk for damage to 
occur on a gear’s delicate critical surfaces. 
Manual loading is required to rack gears 
onto heat treat fixtures and then transfer 
them back to the dunnage after hardening. 
This handling has potential for damaging 
gears. In addition to distorting and possibly 
damaging your meticulously machined 

Communication and advanced quality planning are the keys to  
heat-treating gears successfully.
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precision tolerance gears, heat-treating 
has many requirements that must be met 
for case depth, surface hardness, core 
hardness, microstructure, and mechanical 
properties. Achieving these requirements 
can also pose challenges in manufacturing 
the gears to print requirements. You’re 
an expert in manufacturing gears with 
machining, hobbing, shaping, broaching 
and grinding as core competencies, but 
heat treatment has always been a necessary 
evil that may not necessarily be your area 
of expertise. So instead of performing this 
operation yourself, you may decide to 
subcontract it to a commercial heat treater 
or have it performed by a captive heat 
treating department.

An important, often overlooked question 
from gear makers is: What can you do heat 
treat your gears seamlessly? Communication 
and advanced quality planning are the keys 
to being successful. Whether your gears 

are heat-treated captive or outsourced to 
a commercial heat-treating source, it’s 
important to meet with the individuals 
that will be performing the heat treatment 
and to plan for all contingencies while 
performing advanced quality planning prior 
to launching production. There are many 
steps and pre-launch activities to identify 
potential problems early and prevent them 
from occurring after production has been 
started. This saves you from learning about 
these problems after production has been 
launched, then having to fix these problems 
while meeting production demands at the 
same time.

Requiring a PPAP (Production Part 
Approval Process) to be performed during 
pre-launch has many benefits.  Aside from 
pre-launch problem resolution as discussed 
above, PPAP can also be used to establish 
and document fixed heat treatment 
processes and force the heat treating source 
to demonstrate process capability prior to 
launching production. It ensures formal 
quality planning, and it is documented as 
well. PPAP also ensures design integrity, 
forces suppliers to report and document 
any process changes, prevents the use of 
non-conforming products, and reduces the 
potential for warranty claims.

Advanced quality planning and PPAP 
tools are used commonly in the automotive 
industry, and their use is spreading to other 
industries as well.  There are many training 
classes, seminars and educational tools 
available to learn how to properly perform 
a PPAP. The focus of this article will not 
be how to perform a PPAP; rather, we’ll 
discuss some best practices, specific to 
heat-treating, for performing PPAP to help 
identify any potential problems.

Step 1:  Allow the heat treater to 
perform a feasibility review of the 
specifications and drawings. Some 
questions that should be raised 
are:
•  Can we achieve a Cpk > 1.33 on all 

requirements such as surface hardness, 
core hardness, and case depth? Many 
prints are developed with heat treatment 
specifications that can be met on single 
pieces or if small numbers of parts are 
tested. However, as sampling sizes increase 
and statistical analysis is performed, it 
becomes nearly impossible to demonstrate 
process capability with an acceptable Cpk 
greater than 1.33 if restrictive tolerance 
ranges are required. One example that 

was encountered earlier this year was a 
gear manufacturer who listed a 58-62 
surface hardness on the part drawings 
for their customer. This particular gear 
maker wanted to ensure that their heat 
treater would always be in compliance for 
surface hardness and decided to further 
restrict the requirement range for surface 
hardness to 59-61 HRC. While they were 
well-intentioned, and thought that this 
idea would keep their heat treater from 
straying towards the actual upper or lower 
specification limits, it only served to make 
life very difficult for both themselves and 
the heat treater. With the tighter range 
of allowable surface hardness, achieving 
a Cpk for surface hardness above 1.33 
was impossible. Many heat treaters will 
accept a two- or three-point range for 
HRC surface hardness.  They can meet 
those requirements if a limited number 
of parts are inspected. However, they 
may not realize that if enough parts are 
inspected, and the Cpk is less than 1.33, 
there will eventually be parts produced 
with hardness readings at the extremes 
of the bell curve of a normal distribution 
of hardness results; these will be outside 
of specification limits. Statistical analysis 
of hardness distributions is a critical part 
of the process capability study. This can 
lead to rejections from the customer if not 
identified and resolved during the PPAP 
process. A large number of parts must 
be inspected during the PPAP process 
and Cpk’s should be calculated for each 
of the key characteristics.   Heat treaters 
should typically inspect a minimum of 30 
pieces for hardness and case depth during 
PPAP runs to have sufficient data to 
calculate an accurate estimate of Cpk. The 
best practice is to identify specification 
requirements where process capability 
cannot be achieved during PPAP and 
discuss either opening up the specification 
ranges to a value where statistical process 
capability can be achieved or making 
process or inspection method changes 
that allow for process capability to be 
achieved. In the example above, where the 
heat treater was supplied with a drawing 
for carburized gears with a reduced 59-
61 HRC surface hardness range, the 
heat treater documented their hardness 
inspection results and determined that a 
process capability of only 0.62 could be 
achieved. The gear maker had numerous 
rejections during pre-production runs 
because they would occasionally find 

Batch Integral Quenching Furnace used for 
Carburizing Gears at Bluewater Thermal Solutions 
– Greensburg, IN.
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parts measuring either 58 or 62 HRC 
and production screeched to a halt. 
After much discussion and inspection of 
hundreds of parts from multiple loads, 
the heat treater was able to convince 
the gear maker that the specification 
range was indeed unachievable. The 
gear manufacturer opened the tolerances 
back up to the 58-62 HRC range that was 
on the end user’s initial drawings. This 
provided a Cpk of 1.25 and eliminated the 
problem of occasional non-conformances.

•  Does the heat treater have proper fixturing 
and tooling for holding the gears during 
heat treatment? How a gear is fixtured 
and oriented during heat treatment plays 
an important role in the final results.    
Many gears are hung vertically from rods 
to ensure best results for flatness of the 
faces and good uniformity of heating 
and quenching.   Masking or damage 
can occur as the result of gear-to-gear 
contact on fixturing that does not provide 
adequate separation of parts to allow 
a good flow of atmosphere gases and 
quench media. Long gear shafts might be 
better hung or erected vertically in order 
to maintain straightness. Larger diameter 
gears with open bores might have better 
results for roundness by laying them 
flat in baskets instead of hanging from 
rods.  Design and development of the 
fixturing and racks for each specific gear 
geometry is critical towards meeting tight 
dimensional tolerances or ensuring good 
uniformity of results throughout an entire 
load of gears being heat treated. Often, 
heat treaters will attempt to use existing 
fixtures for other products that may not 
be the best design for a particular part. 
Design and build the best fixtures for each 
particular part.

•  Will the selected heat treatment fixtures 
leave any marks on the parts? Deep case 
carburizing requires steel parts to be held 
at high temperatures for long periods 

of time. Hanging heavy gears can leave 
indentations from the hanging bars on the 
inner diameter bores of gears. Hanging 
bars should be ground smooth to prevent 
sharp edges or imperfections on the bars 
from indenting the gears. Additionally, 
placing gears on baskets, grids or heavy 
screens can leave marks and dimples on 
the bottom of the gears.    This problem 
is more common for heavier gears with 
longer carburizing cycles, where a 
combination of high contact pressures 
and long exposures to high temperature 
allows for soft, hot gears to deform around 
the fixturing materials. Fine mesh screen 
or flat plates can be selected to distribute 
the weight of the gears more evenly.  

•  Have secondary operations been 
planned for and are the requirements 
communicated with the heat treater? Many 
gears will require secondary operations 
such as straightening, clamp tempering, 
masking, washing, shot blasting, shot 
peening, or rust preventative applied 
before, during or after the heat treatment 
operations. Communicate these 
requirements to the heat treater so that 
they can prevent you from receiving gears 

back from heat treatment that are dirty, 
improperly masked, out of straightness/
roundness tolerances, or rusty. 

•  Is the selected steel grade compatible 
with the heat treatment requirements?    
Often, a material will get selected because 
it is low cost, easy to machine, or its raw 
form is readily available in the right sizes. 
However, some materials are more difficult 
to carburize and harden than others. 
Lower hardenability grades may require 
faster quenching methods to transform 
the carburized case properly, resulting in 
additional distortion during heat treatment 
and/or increased risk of cracking. If low-
pressure vacuum carburizing with high-
pressure gas quenching is performed, 
select a medium- to high-alloy carburizing 
grade of steel. This assures proper 
hardening of the carburized case and core 
due to slower quenching rates associated 
with gas quenching.    Nitriding requires 
special alloys with nitride-forming 
elements in the base material in order 
to achieve high hardness levels. Many 
times, heat treaters will receive gears 
from customers for nitriding made from 
plain carbon steel grades and have to 

Figure 1: CPK Analysis using 59-61 HRC Specification 
Range.

Figure 2: Carburizing hanging fixture for heavy truck gears.



thermalprocessing.com  |  35

inform the customer that the material they 
selected cannot be successfully nitrided 
to the required values.  Asking those 
types of questions prior to making gears 
would have saved the gear manufacturers 
a great deal of time, money and effort. 
Including heat treaters in conversations 
during the material selection process may 
reveal that some materials may not be 
capable of meeting the desired results, or 
that a different material could be used to 
achieve better results.

•  Has the heat treater been supplied with 
the latest revisions of all the required 
specifications and drawing requirements? 
Many times, heat treaters are asked to 
quote heat-treating processes and are 
only supplied with a single drawing or a 
specification instead of a complete set of 
all requirements. If all of the specifications 
aren’t present when heat-treating is quoted 
or when PPAP loads are processed, it’s 
possible to quote inaccurate prices or 
perform a process that may not meet all 
of the required specifications.

•  Have all inspection location requirements, 
specific procedures, and inspection 
methods been communicated with the 
heat treater? Often, there are requirements 
to inspect for hardness or case depth at 
specific locations or on critical working 
surfaces. These must be communicated 
to the heat treater. Gears, in particular, 
can have different results for case depth 
at tooth tips, mid-pitch, or at the roots of 
teeth.   Core hardness inspections are 
sometimes measured on the root circle 
for some end users, while others may 
require core hardness measurements to 
be performed at the center of a tooth. 
The results of carburized or nitrided gears 
often vary based on inspection location or 
method. It’s important to communicate 
these requirements to everyone such that 
the heat treater, gear maker, and end 

user are all performing the inspections 
at the same locations using the same 
procedures.

•  What is the proper dunnage for 
transporting gears to heat treatment 
operations, and will the dunnage protect 
the gear surfaces?  One of the biggest 
challenges in heat-treating gears is 
preventing damage during transportation 
and handling. Dunnage should be 

selected to prevent gear-to-gear contact 
during transportation. Selection of the 
heat-treat fixturing is also paramount to 
ensure that parts can be racked, loaded, 
and unloaded from the fixtures without 
damage from improper handling. Careful 
planning and review of the dunnage 
and heat treatment racks can be key 
to preventing damage to gear teeth.    
Additionally, the heat treater needs to be 

Figure 3: CPK Analysis using 58-62 HRC Specification 
Range.
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instructed to handle the gears with care 
and not mishandle the parts.

Step 2:  Run Process Development 
Studies
•  Process development loads are a good 

idea, as they allow the heat treater to 
run trials, measure the process results, 
and fine-tune any process parameters. 
Fine adjustments, such as centering the 
surface hardness, case depth, or core 
hardness within the specification range 
will improve process capability during 
later PPAP loads. Several trial runs on 
parts prior to performing PPAP will assist 
in making the process go smoother and 
will usually result in higher Cpk values in 
the PPAP load.    

•  Process development loads also allow the 
gear maker to learn what dimensional 
changes to expect during heat-treatment, 
so that offsets and compensations can 
be made to pre-hardening dimensions 
in order to achieve a desired set of 
final dimensional tolerances after heat 
treatment.

Step 3: Perform a PPAP Load
PPAP loads are the final step in 
establishing a good heat treatment 
process for gears. Consider the 
following best practices when 
performing a heat treatment PPAP 
load:
•  A full production-intent sized load should 

be used for PPAP of batch and continuous 
heat treatment operations. Running sub-
sized loads or small handfuls of parts will 
not yield the same results during heat-
treatment as a full, production-intent size 
load. Gear makers often request smaller 
quantities because they either don’t have 
a large quantity of parts available for a 
PPAP run or because they don’t want to 
sacrifice a large number of parts. The 
danger with running sub-sized loads is 
that the furnace and parts will heat up to 
the processing temperatures at different 
rates than if the furnace was fully loaded 
with a large mass of parts. Subsequently, 
the parts will cool or quench at a different 
cooling rate. The heating and cooling 
rates can affect the final properties of the 
gears as well as the dimensional results. 
This means that when production is in 
full swing, the results may vary from the 
PPAP and rejections can occur. A large 
number of parts, representative of the 
entire population of parts treated, should 

be inspected from across the entire batch 
in a PPAP load. In batch-type furnaces, 
heat treaters will typically select parts from 
all eight outside corners of the furnace 
along with parts scattered throughout the 
center of the load.  This is because there 
can be differences in heating and cooling 
rates from outside corners to centers of 
loads. Make sure that these areas are 
all inspected during a PPAP run. Load 
maps should be made with diagrams of 
all the parts present in a PPAP load and 
each part that is removed for inspection 
should be numbered and labeled on the 
load map such that inspection results can 
be tied back to each location in a load. 
For continuous type furnaces, the parts 
selected for inspection should include 
the first parts into the furnace, the last 
parts out of the furnace, and parts from 
the middle of the run, at a minimum. 
Parts may also be selected from the left, 
right, and middle areas of a belt furnace 
along with top, middle, and bottom areas 
of racks processed in a pusher or roller 
hearth type furnace. 

•  Typically, a minimum sample size of 
30 measurements from a PPAP load is 
recommended for accurate hardness and 
case depth results, selected as described 
above. Higher sampling sizes, including 
100% inspection, improve the accuracy 
of process capability calculations. Cpk 
values for process capability should be 
calculated and reported for all inspection 
results based off at least 30 measured 
values throughout the entire load. Discuss 
any Cpk values below 1.33 to determine 
the need for revisions to the specification 
requirements, or for process changes to 
achieve a higher Cpk value. If the PPAP 
is accepted with less than 1.33 Cpk 
values for some inspection results, it will 
undoubtedly mean that there will be a 
small percentage of parts outside of the 
specification requirements. Notations 
should be present on the Part Submission 
Warrant if any process capability studies 
result in Cpk values less than 1.33 so that 
all parties can acknowledge and approve 
the situation prior to production.

•  Dimensional measurements should be 
taken after PPAP runs to determine if 
the critical dimensional tolerances are all 
within specification after heat treatment. 
Typically, this is also performed during 
process development loads to determine 
the dimensional changes that can be 
expected to occur during heat treatment. 

While it is frustrating that distortion cannot 
be predicted prior to a first run, distortion 
from heat treatment is usually repeatable 
from load to load as long as the load sizes 
and processing parameters remain fixed. 
Most manufacturers will use the process 
development trials to determine the pre-
heat-treatment dimensional tolerances 
needed for the parts to meet print 
dimensional tolerances after heat-treating 
is complete.

•  Appearance approval is another important 
aspect of performing a PPAP. It allows 
gear makers to avoid unexpected 
surprises in terms of part cosmetics and 
cleanliness. Heat-treatment processes 
commonly result in discolored surfaces 
due to oxidation and quench oil residues. 
A PPAP package should contain 
documentation of the final appearance 
of the parts after heat treatment such 
that the gear maker can determine if the 
cosmetics and appearance are acceptable 
and if any post-cleaning processes might 
be needed. PPAP’s also protect the heat 
treater from attempts by gear makers to 
raise the bar in terms of part appearance 
and cleanliness, as they provide evidence 
of the PPAP load appearance and of an 
approval from the gear maker that this 
appearance was acceptable prior to start 
of production.

•  Process flow plans, FMEAs, and process 
control plans are key documents in PPAP 
packages. These documents state what 
processing parameters will be used, the 
order of the processing steps, and what 
process controls and inspection plans will 
be utilized in production. A PPAP forces 
the heat treater to consider this work as 
having a fixed, unchangeable process. 
Many commercial heat treaters will often 
attempt to mix multiple customers’ parts 
together into a single batch when the heat 
treatment specifications overlap, in order 
to maximize a furnace load and minimize 
the number of furnace hours needed 
to complete all orders. It often involves 
altering the recipes of each job slightly 
such that they can all be processed or 
batched together. Having a PPAP in 
place with a fixed process takes away that 
flexibility and improves the repeatability of 
results from load to load.

•  Furnace charts from a PPAP run should 
be part of the PPAP package such that 
documentation of the actual furnace 
conditions at the time of a PPAP can be 
reviewed.   If problems occur, comparison 
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of furnace charts from a non-conforming production run with 
those from the PPAP load will assist in performing root cause 
analysis.

•  PPAP’s should also include a full microstructural analysis 
of the gears processed. Many gears have prints that only call 
out requirements for surface hardness, case depth, and core 
hardness, without any microstructural requirements.    The PPAP 
load can be used to examine microstructures for evidence of 
potential problems such as excessive retained austenite, presence 
of carbides, decarburization, intergranular oxidation, nitrogen 
voids, nitride networking, excessive white layer, intermediate 
transformation products, or free ferrite present in either the 
case or core microstructure. Many of these microstructural 
characteristics are undesirable and could be causes for potential 
field failures; however, they may be overlooked if they are not 
listed as requirements on the part drawing or specifications.   

•  Another final valuable aspect of performing a PPAP is doing ISIR 
inspections. The heat treater should perform all measurements 
for case depth, hardness, microstructure, etc. on 30 numbered 
parts, from locations labeled on the load map, and document 
all the results on an ISIR form. Ideally, these same 30 pieces 
should then be given to either the gear maker or end user to 
have all of the parts re-measured for each key characteristic to 
establish that the measured results of the heat treater match 
those of the gear maker or end user. Often, different labs yield 
different measurements, and recognizing these discrepancies in 
the PPAP will prevent production services from being rejected or 
held as non-conforming, due to the discrepancies between the 
two inspection parties.   PPAP is an excellent time to ensure that 
all parties are inspecting the gears using the same methods and 
obtaining nearly identical results.

•  The final step of the PPAP is having the gear maker or end user 
sign the Part Submission Warrant signifying that they’ve approved 
the heat treater’s PPAP package along with all the results of the 
inspections and the condition of the PPAP parts. This is the heat 
treater’s cue that they are now approved for production. The 
heat treater should not allow production to commence without a 
signed PSW from the customer. The PSW should also document 
any deviations obtained from the customer in order for the heat 
treatment results to meet all requirements.

All of these communication tools and advanced quality planning 
techniques, if employed correctly, can assist gear makers and heat 
treaters in identifying and resolving any issues that may result in 
rejections or non-conformances prior to the start of production. As 
heat treaters, we’ve observed many new projects being launched 
without communication, advanced quality planning, and PPAP. In 
many cases, where these things aren’t done prior to production, we 
observe problems with scrap parts being produced or loads being 
rejected by gear makers and end users when they receive results 
that don’t meet the specifications, or they don’t react in a manner 
that was expected. Communicating with heat treaters, performing 
advanced quality planning, and using the PPAP process will go 
a long ways towards making production run smoother, reducing 
scrap, and eliminating headaches involved with heat treating.  

ABOUT THE AUTHOR: C. zimmerman is technical director of Bluewater 
thermal Solutions. C. Bassetti and p. Connor are with Bluewater thermal Solutions. 
For more information, visit www.bluewaterthermal.com  or  phone 864-990-0050.
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A Case for Acetylene Based  
Low Pressure Carburizing of Gears
By Daniel H. Herring

Low pressure carburizing (LPC) is the 
technology of choice for the precise 
carburizing of high-performance gearing 
[1]. To achieve absolute process 
repeatability and the highest quality 
outcome, it should come as no surprise 
that one of our goals is to fix as many of 
the process parameters (e.g. hydrocarbon 
gas type, pressure, flow rate, etc.) as 
possible (Figure 1). Selecting acetylene 

as the hydrocarbon gas of choice helps 
us achieve this.

HISTORICAL PERSPECTIVE
The history of vacuum carburizing is 
a fascinating one. The process was 
invented in late 1968 and subsequently 
patented (U. S. Patent No. 3,796,615, 
U. S. Patent RE 29,881) by Mr. Herbert 
W. Westeren, Director of Research 

and Development for C. I. Hayes, Inc., 
Cranston, RI. Commercialization followed 
in early 1969 (Figure 2).

Full acceptance of the process 
by industry, however, involved three 
decades of work and contributions from 
all over the world including the discovery 
and patenting of acetylene technology 
in the former Soviet Union (USSR 
Patent No. 668978) by V. S. Krylov, V. 

A catalytically decomposable hydrocarbon with a high average carbon flux, Acetylene 
is a strong candidate for the preferred carbon gas choice.
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A. Yumatov and V. V. Kurbatov in 1977 
and culminating in the application and 
patenting (U. S. Patent No. 5,702,540) 
of acetylene based carburizing by Mr. K. 
Kubota, JH Corporation (formerly Japan 
Hayes Corporation), Nagoya, Japan. 
Since that time, a significant number of 
individuals and companies have made 
patentable inventions that have helped 
advance the technology [1].

The worldwide technology advances 
needed to make LPC a viable technology 
included:

•  Improvements in the design and 
construction of vacuum furnaces; 

•  Development of low pressure (< 20 
torr) carburizing methods;

•  Process optimization – especially the 
selection of hydrocarbon gas; 

•  Development of optimized gas injection 
methods and flow/pressure controls; 

•  Creation of empirical data bases and 
design of process simulators; 

•  Development of high pressure gas and 
oil quenching technology;

•  Availability of low cost carburizing 
alloys specifically designed to take 
advantage of vacuum carburizing – 
including high temperature capability. 
 
Modern-day carburizing installations 

(Figure 3) have taken advantage of 
these developments.

THE LPC PROCESS EXPLAINED
LPC is a recipe-controlled boost/diffuse 
process. By contrast, atmospheric gas 
carburizing is controlled via carbon 
potential. In vacuum carburizing, 
process-related parameters such as 
temperature, carburizing gas-flow, 
time, and pressure are adjusted and 
controlled to achieve the desired case 
profile in the parts. 

One method of recipe development 
involves solving the following three (3) 
equations:

(1)  

Figure 1:  Variables Influencing the Carburizing Process.

Figure 2:  First Commercial Heat Treat Load, February 
1969.  Gears Carburized at 930°C (1700°F), 13 mbar 
(10 torr), Methane (CH4). (Photograph Courtesy of C. I. Hayes)

Figure 3: Present Day Commercial Heat Treat Load, February 2012. Gears Carburized at 930°C (1700°F), 
14.5 mbar (11 torr), Acetylene (C2H2). (Photograph Courtesy of ALD Thermal Treatment)
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(2)  

(3)  

Where: 
D =  effective case depth (50 HRC equivalent)
k = carburizing constant (c.f. Table 1)
t = total time, in hours
c = carburizing time, in hours
r = boost/diffuse ratio (c.f. Table 1)
d = diffusion time, in hours

While this method can be used effectively, recipe development 
by means of a simulation program has become quite popular 
in the industry. The recipe allows us to determine a sequence 
of carburizing and diffusion pulses in which carbon profile 

as a function of depth can be predicted. In addition, work is 
underway to use the software to predict such parameters as 
hardness values and residual stress levels versus depth below 
the surface.

Simulation programs are available from any number of 
suppliers of vacuum carburizing equipment and are designed 
to create recipes and test scenarios for process development. 
These programs are based on a mathematical description 
of the carbon dissociation and adsorption of the carbon at 
the surface of the parts and equations, which describe the 
diffusion of the carbon into the material. While the carbon 
transport to the surface in low pressure vacuum carburizing 
differs significantly from that in atmospheric gas carburizing, 
the same diffusion laws apply for the carbon transport within 
the material.

 
TyPICAL INPUT PARAMETERS OF THE SOFTWARE 
INCLUDED:
• Material
• Carburizing temperature
• Targeted carburizing depth
• Targeted surface carbon content
• Surface carbon content limit
• Load surface area

Figure 4:  Screen Shot – LPC Simulation Program. (Photograph Courtesy of ALD 
Vacuum Technologies GmbH)

Figure 5:  Comparison of Simulated and Measured Carbon Potential for 20MnCr5 
Material. (Photograph Courtesy of ALD Vacuum Technologies GmbH)

Figure 6: Acetylene Decomposition – RGA Analysis. [3]

Figure 7: Propane Decomposition – RGA Analysis. [3]
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The simulation program can be used 
in two modes. The first mode allows 
one to enter a desired surface carbon 
content and case depth. Then the 
program calculates the required recipe 
consisting of different carburizing and 
diffusion pulses (Figure 4). Furthermore 
the program shows diagrams of carbon 
flux versus time and carbon profile 
versus time and distance from surface.

The second mode is to enter a 
certain recipe consisting of carburizing 
and diffusion pulses and the program 
calculates the resulting carburizing 
profile. The first mode is generally 
preferred. These simulations have been 
found to be quite accurate (Figure 5).  
The simulated carbon profile is very 
similar to the measured carbon profile. 
Some simulation programs also include 
a quenching module for calculation of 
the case hardening depth instead of the 
carburizing depth.

The use of a simulation program 
to create a carburizing recipe is well 
accepted for LPC applications in all 
manufacturing industries including 
automotive and aerospace. Using these 
simulators, a test load is run and the 
parts are checked for correct case 
profile. Normally, the achieved case 
profile is within the specified range. If 
not, the parameters are adjusted slightly 
and a second cycle is run. Since the 
LPC process offers consistent case 
uniformity, it might be advantageous to 
perform additional simulation runs so 
as to adjust the case depth towards the 
lower end of the case-specification. This 
is done to reduce the overall process 

time thereby increasing the productivity 
of the system. As soon as the required 
profile is achieved, the recipe is fixed 
and not changed.

Furthermore the simulation program 
is a powerful tool to achieve the wanted 
microstructure after vacuum carburizing. 
The program shows the formation of the 
carbon profile as a function of time for 
different surface distances. Therefore it 
is possible to create recipes that meet 
microstructural specification, i.e. the 
absence of large quantities of carbides 
or avoidance of excessive amounts of 
retained austenite.

A further result of the simulation 
program is the calculation of the correct 
hydrocarbon flux, which depends on the 
actual load surface area and the carbon 
yield of the carburizing gas that is used. 
The carbon yield defines the amount 
of carbon transferred into the parts in 
relation to the amount of carbon supplied 
to the treatment chamber by injecting 
the carburizing gas. For acetylene the 
carbon yield is in the range of 60% to 
almost 80%. This tool allows the user to 
reduce the amount of carburizing gas to 
a minimum, which is both economically 
and ecologically beneficial.

As the chemistry of the materials to 
be carburized has an influence on the 
carburizing profile to be achieved, it is 
possible for a user to enter the exact 
chemical composition of their own 
material into the program and store this 
data in the already existing material data 
bank. 

HyDROCARBON CHOICES
Over the years a number of hydrocarbon 
gases and liquids (Table 2) have been 
used to supply a source of carbon for 
LPC. While all of these choices are 
possible, acetylene and acetylene 
mixtures have become the dominant 
choice in the industry.

NOTES:
[a]  DMF Acetylene (without acetone) 

preferred, though not mandatory
[b] Typical dilutions up to 50%
[c]  Typical dilution 7:1 (US Patent 

7,514,035 Solar Atmospheres Inc.)
[d]  Typically ratios of acetylene to 

ethylene to hydrogen are 3:2:1 or 
2:2:1 (US Patent 7,550,049 SECO/
WARWICK Corporation)

[e]  Cyclohexane (US Patent 7,267,793 
Surface Combustion, Inc.)

[f]  Temperatures above 955°C (1750°F) 
recommended unless plasma 
assisted

[g] Typical dilution: 40/60 to 60/40 
(methane/propane)

WHy ACETyLENE?
Acetylene is a catalytically decomposable 
hydrocarbon, which essentially means 
that it will break down into its elemental 
constituents (Equation 1, Figure 6) 
in the presence of an iron catalyst. 
Other hydrocarbons (e.g. methane, 
propane) are thermally decomposable, 
which means that they will break down 
immediately upon entry into the hot 
zone of the vacuum furnace negating 
the ability of the carbon to react with 
the surface of the steel and creating 
unwanted hydrocarbon byproducts 
(Figure 7) and ultimately contaminating 
the hot zone. In addition, acetylene has 
a higher average carbon flux, about 
150 g/m2-h, then other hydrocarbons. 
For these technical reasons, acetylene 
is a strong candidate for the preferred 
hydrocarbon gas choice.

(1) C2H2 —> 2C + H2 

ACETyLENE DECOMPOSITION – 
RGA ANALySIS
In general, carburizing gases must have 
high purity (99.95% or better) and 
have the ability to be effective at low 

Figure 8: Vacuum Hot zone Contamination Due to Hydrocarbon Gas Choice.

Carburizing Constant Boost/
Diffuse Ratio

Temperature,
 °C (°F)

k value r value

D 
(mm)

D 
(inches)

840 (1550) 0.25 0.010 0.75

870 (1600) 0.33 0.013 0.65

900 (1650) 0.41 0.016 0.55

930 (1700) 0.51 0.020 0.50

950 (1750) 0.64 0.025 0.45

980 (1800) 0.76 0.030 0.40

1010 (1850) 0.89 0.035 0.35

1040 (1900) 1.02 0.040 0.30

Table 1: Carburizing Parameters. [2]
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(< 20 torr) pressure. The use of high 
pressures coupled with impure gases 
(i.e. the presence of so-called “heavy” 
hydrocarbons) has in the past resulted 
in the formation of excessive deposits of 
soot and tar (Figure 8) and unacceptably 
high equipment maintenance. Acetylene 

avoids these issues and dramatically 
reduces maintenance time and cost.

DMF ACETyLENE
Gas consistency plays an important 
role in the hydrocarbon choice for 
LPC. Chemically produced acetylene is 

transported in a solvent, either acetone 
or DMF (dimethyl formamide). DMF 
has a boiling point about 100˚C (212˚F) 
higher than acetone, and acetylene 
and similar solubility (Table 3). Thus 
DMF is less likely to volatilize and 
enter the vacuum furnace reducing the 
risk of introducing oxygen (leading to 
concerns over intergranular oxidation) 
or other unwanted constituents into the 
carburizing process. 

APPLICATION EXAMPLE
Full production loads (Figure 9) of 
several types of SAE 8620 transfer 
pinion gears and clutch hubs (Figure 
10) were run using two (2) different 
carburizing methods (gas atmosphere 
and LPC). In the case of the acetylene 
vacuum carburized gears, oil and high 
gas pressure quenching methods were 
employed. In the case of the atmosphere-
carburized gears, traditional plug 
quenching methods were used.

Low pressure carburizing was 
performed at 960°C (1760°F) for 3.34 
hours (boost/diffuse time) with acetylene 
(2200 nL/h, 10.5 mbar) followed by 
either oil quenching (70% agitator 
speed) or high pressure gas quenching 
(11 bar, nitrogen). Targeted effective 
(50 HRC) case depth was 1.25 mm 
(0.050”) with a surface carbon content 
of 0.72%C. Gas quenching utilized four 
(4) changes in speed and pressure 
made through the critical transformation 
range of the material.

Atmosphere carburizing (Endothermic 
gas, natural gas additions) was 
performed at 960°C (1760°F) for 4.0 
hours with a carbon potential of 1.3% 

Figure 9:  Typical Furnace Load, 385 kg (850 lbs.). Figure 10: Vacuum Carburizing of Highly Distorted Prone Gearing.

Family Combinations

Acetylene & Acetylene Mixtures 100% Acetylene (C2H2) [a]

Acetylene + Nitrogen [b]

Acetylene + Hydrogen [c]

Acetylene + Ethylene (C2H4) + Hydrogen [d]

Acetylene + Cyclohexane

Cyclohexane & Cyclohexane Mixtures 100% Cyclohexane (C6H12) [e]

Cyclohexane + Acetylene

Methane & Methane Mixtures 100% Methane (CH4) [f]

Methane + Propane [g]

Propane & Propane Mixtures 100% Propane (C3H8)

Propane + Methane [f]

Propane + Hydrogen

Propane + Butane (C4H10)

Table 2: Hydrocarbon Choices for LPC.

Property Acetone Dimethyl Formamide (DMF)

Boiling Point (˚C) 56.5 152

Acetylene Solubility [a] 425 400

Table 3: Solubility Comparison.
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followed by slow cooling, reheating to 830°C (1525°F), 
stabilizing and plug quenching (45 seconds) in oil. Targeted 
effective (50 HRC) case depth was 1.25 mm (0.050”) with a 
surface carbon content of 0.80 -0.90%C.

All gears were subsequently tempered at 150°C - 175°C  
(300°F - 350°F) for two (2) hours at temperature.

THE RESULT OF PROCESSING THIS FAMILy OF GEARS 
FOUND THAT:
•  Low pressure vacuum carburizing in combination with high 

pressure gas quenching produced the most consistent 
repeatability.

•  The degree of dimensional change is capable of being 
compensated for in standard post manufacturing processes.

•  Low pressure vacuum carburizing in combination with high 
pressure gas quenching allowed for the replacement of 
atmosphere carburizing and plug quenching on all gears in 
this family.

•  The depth of high hardness (> 58 HRC) was greatest in the 
low-pressure vacuum carburized samples.

•  The root-to-pitch line case depth ratio was 93% for vacuum 
carburizing compared to 63% for atmosphere carburizing.

•  Atmosphere carburizing resulted in unacceptable levels of 
retained austenite.

•  Gear charts indicated an average movement of 0.08 mm 
(0.003”). The involute form remained intact after low 
pressure vacuum carburizing and gas quenching, as did the 
lead on the gear teeth and splines.

CONCLUSION
While many choices for hydrocarbon gases are possible in 
LPC, and although special circumstances may necessitate 
an alternative choice, acetylene and acetylene mixtures have 
clearly separated themselves as the preferred hydrocarbon 
choice from a process, equipment and quality standpoint. In 
the heat treatment process, every choice matters. Remember that 
the right hydrocarbon choice will save time and money, as well as 
improve the final product. 
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New Simulation Software Tool 
Successfully Used in Carburizing Gears
By Sherri Mabry

In 1999 when the Center for Heat Treat 
Excellence (CHTE) was formed, the idea 
was to develop collaborative research 
between the industrial sector and university 
leaders to address the short and long-term 
needs of the heat-treating industry.

One significant creation of that 
collaboration was the development of 
software to simulate the carburization 

heat treat of steels known as CarbTool. 
This software predicts the carbon profile 
and case depth of carburized steels by 
modeling the absorption and diffusion of 
carbon during the carburization processes.

CarbTool software has been successfully 
used to develop the process parameters 
for carburizing aerospace and automotive 
gears. The results of the simulation can 

be used as the initial conditions for finite 
element model (DANTE and DEFORM) to 
predict the distortion, residual stresses 
and microstructure of carburized 8620 
and 9310.

Dr. Richard D. Sisson, Jr., George 
F. Fuller Professor, dean of graduate 
studies and director of manufacturing and 
materials engineering at the Worchester 

CarbTool is designed to assist heat treaters in understanding and modeling the effects 
of process parameters on case depth, carbon concentration, microstructure, stress 
and distortion.
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Polytechnic Institute in Worcester, 
Massachusetts, said a simulation tool 
was developed at the CHTE by students 
at WPI for the calculation of carbon 
concentration profiles during the gas and 
vacuum carburizing process.

“We have a fairly large research institute, 
the Metal of Processing Institute, led by 
professor Diran Apelian, that includes 
three research centers, including one for 
heat treating,” Sisson said. “The center is 
made up of 30 member companies that 
each contribute up to $25,000 annually 
to support our research projects. These 
companies include major corporations, 
such as John Deere, Caterpillar, Chrysler 
and others. They get access to our 
students in materials engineering in 
research for metal casting, recycling, and 
heat treating.”

Dr. Sisson said, “Steel is an alloy 
composed of iron, carbon, and other 
elements. The more carbon in the mixture, 
the more that heat-treating is required to 
obtain the desired properties. By heating 

the steel in a carbon rich atmosphere, 
the carbon is absorbed and diffuses into 
the steel at high temperatures of 1500 
to 1700 degrees, so the gas carburizing 
process is to heat to high temperature in 
an atmosphere that is rich in carbon and 
bring the surface carbon from two percent 
to up to 0.90 weight percent. After the 
carburizing heat treatment, the steel 
must be quenched in oil or high-pressure 
gas to form Martensite. This makes the 
steel very hard, but brittle, so you need to 
temper the steel to restore the toughness. 
In vacuum carburizing, steel goes 
through many carburizing cycles where 
the metal is heated in a vacuum with a 
small addition of a hydrocarbon gas to 
allow the steel to absorb the carbon. The 
gases such as acetylene or methane are 
added into the vacuum furnace. As few 
as two to three cycles or up to hundreds 
of cycle may be used depending on the 
steel alloy and part geometry as well as 
the hardness required.

In order to develop and optimize the 
carburizing process, heat treaters often 
use trial and error to determine process 
parameters, according to Sisson, who 
says these methods are time consuming 
and expensive with sometimes poor 
results. The challenge for CHTE and the 
students and professors at WPI was to 
develop models that could be used to 
determine the most effective treatment 
process parameters for a particular 
application.

CarbTool was developed to calculate the 
carbon concentration profile in the steel 
during the gas and vacuum carburizing 

process by creating an algorithm based 
on the finite method (FDM), and C++ 
programming in Microsoft Visual Studio.

“The tool we developed is based on 
the concept of the carbon flux at the 
surface between the gas and steel,” 
he said. “CarbTool outputs the carbon 
concentration and the distribution profile 
inside the steel or the surface carbon 
concentration profile is defined as a 
function of time.”

“In vacuum heat treating we are 
controlling the temperature, the time 
and fluxes in a gas chamber where 
the potential for carbon escaping into 
the atmosphere is possible,” he said. 
“CarbTool simplifies this process to flux 
versus time so we pump out the gas, 
introduce another gas, pump out the gas, 
and plot the results as gas pressure to 
export data for the calculation results. It 
uses finite difference method to calculate 
the parameters. We are working on the 
future of heat-treating where we study 
the hardness as a function of depth. 
Empirically, this steel carbon profile is 
quenched and this gives the hardness 
graph of the right iron carbon phase.”

Sisson said the software has an ID 
mass diffusion model that simulates the 
semi-infinite and cylindrical geometry of 
a structure, including thin walls, and it 
can also calculate inverse to optimize the 
parameters based on the surface carbon 
and case depth. Carbon concentration 
and microhardness in the layer can 
be predicted by using the software by 
entering known diffusional interactions 
that are included in the model.
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Users input data, including the carburization temperature, time, 
and carbon potential or flux, and by using the simulation software, 
the heat treater can determine the carbon concentration below the 
surface to plot case depth according to a user-defined value.

Sisson said developing the carburizing software allows users to 
export data such as cyclic and non-cyclic pulse processes, carbon 
profiles at certain intervals and final times with an effective case 
depth indication at 0.35 wt. % C or at a user defined value. It 
also shows surface carbon saturation and indicates the carbon 
concentration for cementite formation, which can be controlled.

According to this process, the methodology of the vacuum 
carburizing process simulation shows: To determine the vacuum 
carburizing-carbon flux calculation, tentative samples are 
carburized and measured and the CarbTool verifies the results. 
This program also produces a revised recipe based on the flux 
calculated. By taking comparisons between CarbTool simulation 
and the experimental samples, the test can be verified.

Sisson said CarbTool has a 1D mass diffusion model, which 
is capable of simulating the gas and vacuum processes in both 
Cartesian and cylindrical coordinates.

Based on the research, vacuum or low-pressure carburizing 
followed by high-pressure gas quench is an effective process for 
heat-treating gears. For more information, email sisson@wpi.edu 
or visit www.wpi.edu.  

THE CENTER FOR HEAT TREAT EXCELLENCE AND THE 
METAL PROCESSING INSTITUTE AT WPI
The Center for Heat Treat Excellence (CHTE) collaborative with the Metal 
Processing Institute at Worcester Polytechnic Institute in Worcester, 
Massachusetts is an alliance between the industrial sector and university 
researches to address short-term and long-term needs of the heat-treating 
industry.

CHTE provides a critical forum where various segments of the industry pool 
their resources to develop research used to advance the heat-treating industry 
by developing a knowledge base and curricula for education purposes.

ACHTE along with ASM’s Heat Treat Society have worked together to 
establish a database to serve the $20 billion-a-year industry comprised of 
materials scientists and engineers. The database is organized in 16 main 
categories, and the data is entered and managed by the researcher for the 
organization participating, where researchers can inform the world about the 
work they are doing.

By applying fundamental research to solve problems, this member-driven 
team enhances the industry’s technology base, profitability, public images 
and the education of its members.

Industrial members include commercial heat treaters, captive heat 
treaters, heat treat industry suppliers, and manufacturers of products using 
heat-treating technologies. The center is governed by a board of directors with 
responsibilities to facilitate, guide, and review research programs.

WPI faculty at the center includes Diran Apelian, Makhlouf Makhlouf, 
Richard Sisson, and Kevin Rong. CHTE also has alliances with faculty at other 
universities where research is carried out.

The Metal Processing Institute (MPI) at Worcester Polytechnic Institute 
(WPI) has access to a full complement of material engineering and processing 
facilities, including x-ray fluorescence, metal and casting laboratories, imaging 
and sensing, and thermal processing.

The institute is supported by more than 90 corporate partners, as well as 
funding from private foundations and the federal government. During the last 
decade, MPI has developed into on of the nation’s premier research centers 
dedicated to metal processing.

The MPI is staffed with qualified research scientists and post-doctoral 
fellows, and is fully equipped with melting furnaces, including electrical 
and induction furnaces, heat-treating furnaces, rotary degassers, an 
Alscan unit, a reduced pressure testing unit, a spectrograph, and optical 
and scanning electron microscopes equipped with energy dispersive x-ray 
analysis capabilities and image analysis capabilities. In addition, MPI has 
all the necessary mechanical testing equipment, including Universal testing 
machines with temperature chambers, fatigue-testing machines, and 
measuring equipment for impact, toughness, hardness and micro hardness.

There is a casting and heat-treating lab, a sample preparation lab, thermal 
analysis lab, microscopic analysis lab, mechanical testing lab, software 
simulation lab and a miscellaneous lab with x-ray diffraction and high 
temperature rheometers.

Since its creation, CHTE has established liaisons with the Metal Treating 
Institute (MTI) and the Heat Treating Society (HTS) of ASM International. 
CHTE researches participate in meetings of MTI and the R&D committee of 
HTS to ensure communication and active dialogue between the association 
and the professional society exists.

MPI has established alliances with several key universities and laboratories 
around the world in the past decade, where faculty and research staff shares 
annual visits, jointly manage projects, share adjunct faculty and collaborate 
on short courses and symposia. MPI is allied with Steel Research Group at 
Northwestern University, the Colorado School of Mines in Golden, Colorado, 
L’Ecole Nationale Superieure des Mines d Saint-Etienne, Saint-Etienne, 
France, Northwestern Polytechnical University, Norwegian University of 
Science and Technology, TWTH Aachen University in Germany, Foundry 
Institute, the Forging Institute, Tsinghua University, University of Padova and 
the University of Queensland. They have also formed alliances with several 
corporations and organizations, including CompuTherm LLC, ESI, Inc., Light 
Metals Alliance, MAGMA, Material Connexion and Thermo-Calc Software.

The center works to develop processes to control microstructure and 
properties of components, reduce energy consumption, reduce process time, 
reduce production costs, achieve zero distortion, increase furnace efficiency 
and achieve zero emissions.

Each year the CHTE acknowledges the accomplishments of an individual 
who has made significant, commendable and long-standing contributions to 
the promotion of CHTE. Criteria include an active CHTE membership in good 
standing for a minimum of three years and exceptional contributions to CHTE.

Previous award recipients are Max Hoetzl (2012), Robert Gater (2011), 
Roger Fabian (2010), and William J. Bernard (2009).

For more information, visit www.mpi@wpi.edu or call 508-831-5993.

FOR MORE INFORMATION: richard d. Sisson, Jr. is dean of graduate 
studies, george F. Fuller professor, and director of Manufacturing and 
Materials engineering at Worcester polytechnic institute. you can contact him 
at sisson@wpi.edu
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Contour Hardening Bevel, Hypoid, and 
Pinion Gears
By Semyon Brayman, Anatloy Kuznetsov, Sergey Nikitin, Bob Binoniemi, and Valery Rudnev

Traditional gear heat treatment involves gas 
carburizing in batch or continuous furnaces 
for an extended time, and then oil quenching. 
The gears are typically low temperature 
furnace tempered for a minimum of one 
hour at temperature. After carburization the 
carbon contents of the case region are typically 
within the range of 0.7-1.0 percent C. Surface 
hardness range is 58-63HRC. Post heat treat 

processing may include grinding and shot 
peening to improve fatigue strength.

Over the years gear manufacturers have 
gained knowledge about improving the 
quality of heat-treated parts using lean and 
environmentally friendly technologies such 
as induction hardening that can be easily 
automated and incorporated into manufacturing 
cell, allowing individual gear traceability. 

Gear performance characteristics (including 
load condition and operating environment) 
dictate the required surface hardness, core 
hardness, hardness profile/pattern, residual 
stress distribution, grade of steel, and its prior 
microstructure [1-3].

Encircling inductors (spin hardening) are 
typically used for medium- and fine-sized 
teeth gears suitable for induction hardening. 

TSH technology is an advanced induction hardening process that was specifically 
developed to reduce overall cost and to replace thermo-chemical heat treating 
processes.
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A major goal of induction gear hardening is 
to provide a fine-grain martensitic layer on 
specific areas of the part. The remainder of the 
part is unaffected by the induction process. 
Hardness, wear resistance, contact fatigue, 
and impact strength increase, improving load-
carrying capacity to handle higher speeds 
and torques. Another goal of induction gear 
hardening is to form considerable compressive 
residual stresses at the surface and within the 
case depth. Compressive stresses help inhibit 
crack development and resist tensile bending 
fatigue. External and internal spur gears, 
worm gears, racks, shafts, and sprockets are 
among the parts that are routinely induction 
hardened.

There was a commonly accepted belief that 
not all gears and pinions are well suited for 

a conventional induction hardening. Hypoid 
and bevel gears, spiral bevel automotive, and 
commercial pinions as well as noncircular 
gears used to be induction hardened rarely 
because of their geometric complexity, 
so they were typically carburized. Recent 
developments have changed this situation. 

As an example, fig. 1 shows three examples 
of surface hardened gear-like components 
using induction. Helical bull gears, spiral bevel 
gears, journal crosses, crown wheel-style 
hypoid ring gears, bearings, and helical side 
gears are also among components that have 
been successfully induction surface hardened 
using novel technology. 

NOVEL DEVELOPMENTS
The Michigan-based ERS Engineering Corp. 
has worked with its European partners to 
develop unique steel metallurgy and processes 
that allow the replacement of carburizing 
with induction hardening for a wide range of 
complex-shaped components, including parts 
previously thought to be impossible to induction 
harden. Inductoheat has been chosen by ERS 
Engineering to be their exclusive manufacturer 
of induction heat-treating systems for TSH 
technology in the North American market.

TSH technology is a synergistic combination 
of low hardenability (LH) advanced steels and 
superior induction hardening techniques. 
TSH steels were successfully used in Europe 
for more than a decade. However, recent 
breakthroughs in further excelling TSH 
steels substantially widens the range of their 
applications. TSH steels can be substituted 
for more-expensive standard steels typically 

used for conventional induction hardening or 
carburizing grades.

TSH steels are characterized by reduced 
tendency for the grain growth during gear 
heating into the hardening temperature 
range, and they have significantly less alloying 
elements such as manganese, molybdenum, 
chromium, and nickel, making them less 
expensive than the majority of conventional 
alloy and low alloy steels. Their chemical 
composition and process specifics provide 
fine-grain martensite with extremely high 
compressive stresses at the tooth surface and 
within the case depth. Different applications 
may call to slightly different steel chemical 
compositions and process recipes. As an 
example, Table 1 shows two of the most typical 
compositions of the TSH steels (60LH and 
80LH).

In the past it was practically impossible to 
induction harden parts shown on figs. 1 and 2 
due to a combination of shape complexity and 
sizes. Now it is possible to get those stunning 
uninterrupted hardness patterns by using a 
simple operation: induction through heating 
using low frequency inverters, and spray 
quenching in water. Notice that the hollow 
shaft (fig. 2, at left) was induction hardened 
on OD, ID, and the teeth region using a single 
operation, producing an uninterrupted case 
hardness pattern. There are several important 
factors associated with TSH technology:

•  TSH technology is a cost effective process. 
Steels are relatively inexpensive, having 
significantly smaller amounts (3-8 times less) 
of alloying elements such as manganese, 

Fig. 1:  Complex gear-like components that used to be difficult to harden by conventional induction hardening. 
In the past all of these parts used to be carburized, but not any more.

Steel C Mn Cr Ni Si Cu S P

60LH 0.55-0.63 0.1-0.2 < 0.15 < 0.25 0.1-0.3 < 0.3 < 0.04 < 0.04

80LH 0.77-0.83 0.1-0.2 < 0.25 < 0.25 0.1-0.25 < 0.3 < 0.04 < 0.04

Table 1: A comparison of the typical chemical composition (%) of two low hardenability TSH steels.
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molybdenum, chromium, nickel, etc., 
compared to traditionally used alloy and 
low alloy steels.

•  Formation of fine-grain and, in some 
cases, even ultra-fine grain martensitic 
structures within the case depth. This 
allows improving both: toughness 

and strength of induction hardened 
components at the same time. Core 
structure is a mixture of bainite and 
pearlite resulting in a good combination 
of core ductility and strength.

•  With TSH technology components are 
usually through heated or partial heated 

(depth of heating needs to be 2-3x deeper 
than required harden depth) and then are 
rapidly quenched. The hardened depth is 
mainly controlled by the steel’s chemical 
composition. Even though, components 
made from TSH steels are often heated 
through, their limited hardenability allows 
obtaining well-defined hardness case 
depth with well-controlled crisp hardness 
pattern having minimum case hardness 
deviations even when hardening complex-
geometry parts.

•  Formation of high magnitude of the 
desirable compressive surface residual 
stresses (up to 600 Mpa/85ksi).

•  TSH technology provides improved 
repeatability and reduced process 
sensitivity. It is far less sensitive than 
conventional induction hardening to 
imperfections of a part’s positioning 
during heating (for example, a part 
wobbling due to a bearing wear when 
the component rotates during the heat 
cycle). The process is much more 
repeatable and robust because the 
hardened depth is primarily controlled 
by the steel’s chemical composition.

•  TSH steels allow using low and medium 
induction hardening frequencies 
(1kHz to 15kHz) compared to similar 
conventional induction contour 
hardening processes that require 
much higher frequencies, and in some 
cases even dual frequencies. This 
helps to reduce equipment capital cost 
(including the reduction of the cost of 
power supply). An ability to avoid high 
frequencies improves a quality of heat-
treated components by dramatically 
reducing the probability of overheating 
the edges, tips, and corners that could 
occur due to electromagnetic end effect 
and proximity effect when RF heating 
frequencies are used.

Fig. 2: With TSH technology, complex-shaped components are induction hardened using low or medium 
frequencies and rapidly quenched, resulting in contour-like induction hardening patterns. Notice an 
uninterrupted hardness patterns on complex-shaped geometry parts. (Courtesy of ERS Engineering Corp.)

Fig. 3: Helical gear induction hardened according to TSH technology. (Courtesy of ERS Engineering Corp.)

Fig. 4: Induction harden pattern (zoomed) of large 
helical gear shown in fig. 3.

Table 2:  Chemical composition of the spiral bevel 
side gear that is shown on Figure 2, left. (Study 
was conducted by STORK® Climax Research 
Services, Inc.)

Element %

C 0.79

Mn 0.06

Cr 0.17

Ni 0.06

Al 0.0089

Cu 0.04

Ti 0.085

Nb < 0.008

V < 0.008

Mo < 0.02

Si 0.08

S 0.015

P < 0.005

Table 3: Chemical composition of inductively 
hardened helical gear shown on Figure 3. (Study 
was conducted by STORK® Climax Research 
Services, Inc.)

Element %

C 0.77

S 0.014

P < 0.005

Si 0.08

Mn 0.06

Cr 0.17

Ni 0.06

Mo < 0.02

V < 0.008

Al 0.0088

Cu 0.04

Ti 0.09

Nb < 0.008
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CASE STUDy
When induction hardening appreciable sized gears (for example, 
the helical gear shown in fig. 3) utilizing conventional induction 
technology, and in order to obtain the contour-like austenized surface 
profile required for achieving correspondent contour-like hardness 
pattern, it would be necessary using medium or high frequencies 
and a large amount of heating power applied for a very short time 
(for example, a few seconds). 

As stated above, with TSH technology components are usually 
through heated or partial heated (depth of heating needs to be 
2-3x deeper than required harden depth) and then they are rapidly 
quenched. The hardened depth is mainly controlled by the steel’s 
chemical composition. Even though components made from TSH 
steels are often heated through, their limited hardenability allows 
obtaining well-defined and crisp hardness case depth with well-
controlled hardness pattern, having minimum case hardness 
deviations even when hardening complex-geometry parts.

Therefore, in contrast to conventional induction hardening 
processes, the coil power requirement thanks to TSH Technology 
is dramatically reduced, since it does not demand having short heat 
times nor it does not require formation of a traditionally needed 
contour-like austenized surface layer prior to quenching. Low 
hardenability of TSH steels assures obtaining such patterns (fig. 4), 
permitting the use of lower power and lower frequency inverters. 

CONCLUSION
The TSH technology is an advanced induction hardening process 
that was specifically developed to reduce overall cost and to replace 

thermo-chemical heat treating processes such as carburizing, 
carbonitriding, nitriding, or furnace direct hardening. TSH is well-
suited for induction surface hardening helical bull gears, spiral bevel 
gears, crown wheel-style hypoid ring gears, helical side gears, and 
other gears and gear-like components. Its benefits are particularly 
noticeable when induction case hardening medium and large 
complex-shaped components. 

Applicability of the TSH technology is not limited to gears. 
Bushings, transmission shafts, king pins, ball joints, driveshaft 
and differential crosses, and bearings are also good candidates. 
Components heat-treated utilizing TSH technology have superior 
metallurgical structures. They are stronger and more durable than 
some made of conventionally heat-treated standard steels. TSH is a 
cost-effective technology that is lean, green, and allows for individual 
gear traceability.   
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Maintenance Procedures for  
Vacuum Furnaces
By VAC AERO International, Inc.

More gear manufacturers need to 
add vacuum furnace machines to the 
shop floor and include this procedure 
in the overall manufacturing process. 
As vacuum furnaces are added, many 
maintenance issues arise. This article 
covers many aspects to ensure the quality 
output of these machines.

SAFETy
As with any piece of equipment, proper 
maintenance at regular intervals is 
essential for long service life and trouble 
free operation. 

The mechanical components in 
a vacuum furnace require standard 
maintenance practices, including cleaning 
and lubrication. However, successful use 

of a vacuum furnace depends on the purity 
and reliability of its vacuum. Additional 
maintenance activities are required 
to ensure good vacuum levels in the 
system. Leaks in joints and contamination 
of furnace internals will greatly affect 
operating vacuum levels and the quality 
of the processing. Leaks are the most 
time-consuming and troublesome of 

Using vacuum furnaces in gear manufacturing is a hot topic. This process offers 
advantages to gear manufacturers for gears that have critical surface differences and 
requirements.
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the maintenance items. Small leaks 
can only be isolated using helium leak 
detectors. However, by keeping track 
of where leaks most frequently occur, 
preventative measures can be taken to 
minimize the problem. The operating 
manuals supplied with VAC AERO 
furnaces provide detailed information on 
maintenance and trouble shooting. All 
maintenance manuals should be read 
and understood before commencing 
furnace operation.

There are a number of safety issues that 
must be considered when maintaining 
vacuum furnaces. Standard safety 
practices must be adhered to in order to 
avoid injury, burns and electrocution. In 
addition to these, there are several 
special considerations specific to 
vacuum furnace equipment. On furnaces 
equipped with oil diffusion pumps, 
maintenance should only be attempted 
after the pump has been allowed to cool 
to ambient temperature. The diffusion 
pump works by boiling oil to form a 

vapor. Heated by coils in the base 
of the pump, oil temperatures reach 
240ºC (464ºF) and higher. At these 
temperatures, vapors from hydrocarbon-
based oils can react explosively with 
air. As a result, the fill port in the pump 
should never be opened while the pump 
is operating.  Silicone-based pump oils 
eliminate this explosive risk.

Maintenance of furnace chamber 
internals should only be conducted using 
approved confined space entry and 
electrical lockout procedures. Residual 
quench gases remaining in the tank 
even after the door is opened can 
cause asphyxiation. Particular care 
should be taken when entering furnace 
chambers after argon has been used 
as a quench gas. Argon is heavier than 
air and can remain in low-lying areas 
for some time. It has no discernable 
odor and there is usually no advanced 
warning before unconsciousness 
occurs. Vacuum conditions in a furnace 
tank are even more lethal.  Lockout 
procedures to prevent furnace operation 
must be in place before entering any 
furnace chamber.  

VACUUM SEALS
during construction, all welded joints 
in a vacuum furnace are inspected for 
hermetic integrity and should remain 
intact for the life of the furnace. However, 
there are also a number of demountable 
connections that can be separated and 
reconnected for component changing 
or repair access reasons. These 
connections are generally sealed with a 
gasket sandwiched between two flanges. 
Though different gasket materials are 
used depending on the vacuum level 

required most seals in a standard 
vacuum furnace incorporate an o-ring 
made of natural or synthetic rubber. 
Buna-N, silicone and Viton o-rings are 
readily available in many sizes.

These materials are resilient and 
can be used repeatedly without loss of 
integrity. The common squish rates of 20 
percent to 50 percent of the original cross 
section will not stress o-ring materials 
past their elastic limits. O-rings must be 
properly retained within the connection 
to prevent being sucked into the vacuum 
system. Usually, they are set in a groove 
machined into a flange on one side of 
the connection. They are then squeezed 
against the opposite flange as the flanges 
are tightened together. A less common 
method of o-ring retention involves a 
retaining ring that is thinner than the 
o-ring cross section. The retaining ring 
fits inside the inner diameter of the 
o-ring.

The surface finish on the flanges 
where the o-ring is squeezed should 
be no more than 125 RMS. A coarser 
finish may result in gas penetrating 
through the seal. Flange faces should 
be inspected for burrs or scratches prior 
to assembly. The standard practice is 
to coat the o-ring with a thin layer of 
vacuum sealing grease prior to assembly 
to improve its sealing properties. A 
common cause of leakage in o-ring 
sealed joints arises from damage to the 
o-ring. O-rings should never be removed 
from grooves using sharp objects, such 
as screwdrivers or knives. Not only can 
these objects cut the o-ring, they may 
also cause scratches in the bottom of the 
o-ring groove, which will provide another 
path for gas penetration. O-rings should 
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be regularly inspected for damage and cleaned of all dirt and 
particulate matter.

Because of frequent opening and closing, door o-rings are most 
susceptible to damage and should be inspected prior to every 
run. They should be checked for nicks, cuts or flat spots. Both 
o-ring and door flanges should be wiped clean before the door 
is closed. Re-coating of the o-ring with a thin layer of vacuum 
grease should be performed at regular intervals though any build 
up of vacuum grease must be avoided. Improperly assembled 
feed-thru seals may also be a source for leaks. When changing 
control or over-temperature safety thermocouples, feed-thru 
seals must be properly tightened to ensure vacuum integrity. 
Small leaks may be temporarily overcome by applying a sealing 
compound on external surfaces of the vacuum joint. However, 
this not a permanent corrective measure.

MINIMIzING OUT-GASSING
Whenever the door to a vacuum furnace chamber is open, humidity 
from the air will enter the chamber and condense in a very thin film 
on the chamber walls or be absorbed into the hot zone materials.

When the chamber is subsequently evacuated (before 
heating) and the furnace internals are exposed to this lower 
pressure, “out-gassing” of the entrapped moisture will occur. If 
sufficient moisture has been entrapped (such as in very humid 
environments), the out-gassing effect will slow the pump-down 
process and may even give the appearance of a malfunction in 
the pumping system. Eventually, the out-gassed moisture will be 
pulled out of the chamber by the pumping system and evacuation 
rates will improve. This same effect will be apparent when oily 
or contaminated workloads are placed in the furnace. It may 
be more pronounced in furnaces with graphite-based hot zone 
insulation materials.

To minimize the out-gassing effect, it is important to keep the 
chamber door closed whenever possible. Ideally, the chamber 
should also be kept at least partially evacuated whenever 
the furnace is not in use. It is also important to maintain the 
recommended temperature of the coolant entering the cooling 
jacket. Condensation of moisture is more pronounced on cooler 
surfaces.

In addition to problems created by moisture, vaporization of 
volatile elements when heated under vacuum will eventually 
contaminate the furnace internals with undesirable residues. The 
evolution of this condition may become apparent by deteriorating 
ultimate vacuum levels. Deposits of metallic residues can also 
cause electrical short circuits. Often, however, considerable 
amounts of contaminants can be present with no discernable 
change in operating pressures. Regular dry run cycles must be 
performed to burn off contaminants before they begin affecting 
load quality or create electrical problems.

The furnace maintenance manual will provide detailed 
instructions for performing a dry run cycle. As a minimum, at least 
one dry run cycle should be performed each week. Depending 
on the cleanliness of the work processed previously, a dry run 
cycle may also be required immediately prior to processing a 
critical workload or materials that are particularly prone to 
contamination such as titanium alloys.

LEAK RATE TESTING
The vacuum level as indicated by vacuum gauge readings is not 
always a true indication of the actual conditions within a vacuum 
furnace. It is possible to have two identical furnaces operating 
at the same pressure but producing entirely different results on 
heat-treating. This can be explained by the relative leak tightness 
or leak rate of each furnace. Most furnaces are equipped with 
pumping systems sufficient to overcome reasonably significant 
leaks. On the furnace with the higher leak rate, air would be leaking 
continuously into the furnace resulting in higher residual oxygen 
content than in the leak-tight furnace. The higher oxygen content 
would adversely affect the heat-treating results. Therefore, leak 
rate checks as prescribed by the furnace manufacturer should 
be performed at regular intervals to prevent this problem.

To ensure that the processing environment is not being 
contaminated by impurities leaking into the furnace, the relative 
leak tightness of the furnace needs to be regularly tested. Every 
leak rate test should be preceded by a high temperature dry 
run (bake out) of the furnace. In the dry run, the empty furnace 
is usually heated to a temperature at least 55ºC (100ºF) above 
the its normal operating temperature, then allowed to cool 
under vacuum. For most general heat-treating furnaces, a dry 
run temperature of at least 1200ºC (2200ºF) should be used. 
The furnace should be held at this temperature for at least 30 
minutes but not longer than 60 minutes. The purpose of the 
dry run is to bake out any residual moisture or other impurities 
accumulated from lower temperature processing.

The leak rate test is performed immediately after the dry 
run cycle without venting the furnace to atmosphere. First, the 
pumping system is started in the manual mode and the furnace 
is pumped down to 1 x 10-4 torr or better. The pumping system 
is then isolated from the furnace chamber. The vacuum level is 
recorded after 30 minutes and again after 60 minutes. The leak 
rate can then be calculated in microns per hour and compared 
to the acceptance criteria in governing specifications.

Newer furnaces should not have leak rates exceeding 10 
microns per hour at a pressure of 70 microns or less. For older 
furnaces, leak rates of 20 to 25 microns per hour are not unusual. 
These leak rates ensure that the volume of impurities that may be 
leaking into the furnace is sufficiently low so as not to cause any 
significant detrimental effects to the materials being processed.



thermalprocessing.com  |  57

A furnace exhibiting a leak rate greater than these limits should 
not be used for production until repair of the leak. In this case, 
the normal procedure is to backfill the furnace with nitrogen, 
but do not open the chamber to atmosphere. All thermocouple 
fittings and other vacuum feed-thru should be tightened. The 
furnace can then be re-tested for leak rate as before. Failure 
of the second leak rate test is an indication that the furnace 
requires more extensive maintenance, possibly including helium 
leak checking.

A comprehensive preventive maintenance program is essential 
to minimizing downtime due to vacuum leaks. Proper care 
of pumps, O-rings and flange sealing surfaces and regular 
inspection of vacuum feed-thru can help prevent leaks. 
Continuous monitoring of vacuum levels during processing can 
also help to identify potential problems before they develop into 
major repairs.   

this article was provided by VAC Aero international, inc. please contact 
Alan Charky, marketing and communications director of VAC Aero at 
vacaeromarketing@vacaero.com or visit www.vacaero.com/information-
resources.html for more information.

CHALLENGES OF VACUUM PROCESSING
temperature control in a vacuum heat treating environment can 
be difficult because of the changing heat transfer characteristics 
of the furnace as it moves from conduction and convection to 
radiation. the rapid heating rate of a vacuum furnace demands 
precise control, including setpoint program control with soak 
guarantee inputs.

overshoot of temperature set points is usually not tolerated for 
metal treating applications.

Setpoint program control is often applied to both the temperature 
and the vacuum, with extensive interaction between the two 
programs and also with the logic control.

Vacuum furnaces are often used by a variety of products by the 
heat treater making recipe management an important function. 

Vacuum furnaces are used in the metal treating industry for 
applications such as heat treating, brazing, melting, thin film 
deposition, etc. they are used to bring materials to high temperature 
with a minimum of surface reaction such as oxidation. in addition, 
surface and internal contaminants on molten metal applications are volatized and removed. Heating is fast and efficient using radiant energy that heats only the 
product in the vacuum environment.

Vacuum furnaces for heat treating and brazing are typically single chamber furnaces operating batch cycles. the batch cycles vary between processes but 
commonly require regulation of temperature, vacuum and sequence logic. the temperature and vacuum interact extensively with the logic.

A typical heat treating cycle starts after the product is loaded into the furnace and the door is clamped shut. Some users secure the furnace and perform a 
leak test before proceeding. A roughing vacuum pump lowers the pressure to about 50 microns. A diffusion pump lowers the pressure to below 1 micron. Some 
processes require an inert gas such as argon to be fed into the furnace at a low rate, allowing the pressure to rise to about 500 microns (this process is called partial 
pressure (pp) heat treatment).

the pressure increases as the temperature rises and contaminants volatize. Control of the vacuum is maintained at about 500 microns in pp processes or 
below 10-4 torr in high vacuum processes. if the vacuum deviates from the specific set point by more than a specific value, the temperature program is held 
until the condition is corrected. the temperature program goes through a series of ramps and soaks. After a high temperature soak, the furnace is bottled up and 
the temperature is allowed to drop. An increased flow of inert gas and circulation of cooling water in the furnace walls cools the work. the cooling lowers furnace 
pressure, requiring additional pressure control. during the cooling, the pressure is controlled between 0.85 Barr to 10 Barr depending on process type. A light or 
horn usually provides indication to the operator that the cycle is complete. the operator brings the furnace back to atmospheric pressure manually and unloads 
the product.
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Variety of Furnaces Can Be Used 
for Heat Treatment of Gears
By  Daniel H. Herring

Gear heat treatment can be done in a wide variety of different types of 
industrial furnaces, each with its own unique characteristics. This article 
focuses on the similarities and differences of each of these styles.

CLASSIFICATION OF HEAT-TREATING FURNACES
Heat-treating furnaces can be grouped into two main categories: batch 
and continuous. The fundamental difference between these two styles is 
not in their materials of construction, although there are some differences 
due to inherent design requirements. Instead, the key difference lies in 

how workloads are positioned in the units and how they interact with the 
atmosphere within the furnaces.

In addition, there are two (2) primary sources of energy to heat the 
equipment, namely (natural) gas and electricity. Alternative energy 
sources, such as oil and other hydrocarbon fuels (e.g. propane, propane/
butane mixtures) can also be used. Heat-treating furnace equipment 
can further be divided into furnaces (atmosphere & vacuum), ovens 
and applied energy methods (flame, induction, laser). Furnaces can be 
classified in a number of ways as summarized in Table 1.

Design engineers are able to choose from a number of heat treat processes and 
furnaces for different gear materials and designs. Selection of the appropriate furnace 
or material is often defined by availability, cost, and application requirements.
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BATCH FURNACES
Batch units (Fig. 1) process a wide variety 
of gears and tend to involve large, heavy 
workloads processed for long periods of time. 
In a batch unit the work charge is typically 
stationary so that interaction with changes in 
the furnace atmosphere are performed in near 
equilibrium conditions. 

Batch furnace types include:

• Bell furnaces;
• Box furnaces;
• Car bottom furnaces
• Elevating hearth furnaces;
• Fluidized bed furnaces;
• Gantry furnaces;
•  Mechanized box furnaces (also called 

“sealed quench” or “integral quench” or 
“in-out” furnaces);

• Pit furnaces;
• Salt pot furnaces;
• Split or Wraparound furnaces;
• Tip-Up furnaces;
• Vacuum furnaces.

Of all the batch furnace types, integral quench 
furnaces are the most common. Many different 
types of gears (Fig. 2) are hardened and case 
hardened (i.e. carburized or carbonitrided) in 
these types of units due the cycle flexibility. 
Effective (50 HRC) case depths up to 0.060” 
(1.5 mm) are common although deeper case 
depths are certainly possible.

  
CONTINUOUS FURNACES
Continuous furnaces (Fig. 3) are characterized 
by the movement of the workload in some 
manner and the environment surrounding the 
workload changes dramatically as a function 
of the position of the work charge. 

Continuous furnace types include:

• Cast link belt furnaces;
• Humpback furnaces;  
• Mesh belt furnaces;
• Monorail furnaces;
• Pusher furnaces;
• Roller hearth furnaces;
• Rotary drum (rotary retort) furnaces;
• Rotary hearth furnaces;
• Shaker hearth furnaces;
• Vacuum furnaces;
• Walking beam furnaces.

Of all the continuous furnace types, pusher 
furnaces (Fig. 4) are the most common. Gears 
of common sizes and case depths are most 
often run (Fig. 4) and either hardened and case 
hardened (i.e. carburized or carbonitrided). 
Typical effective (50 HRC) case depths in the 
0.025” (1.5 mm) – 0.035” (mm) range. Again, 
deeper case depths are certainly possible.

In addition, there are a number of special 
purpose furnaces including:

•  Continuous slab and billet heating furnaces;
•  Electron beam surface treatment 

equipment;
• Induction heating systems;
• Laser heat treating equipment;
• Quartz tube furnaces;
• Resistance heating systems;
• Rotating finger furnaces;
• Screw conveyor furnaces;

ATMOSPHERE FURNACES
Atmosphere furnaces are characterized by their 
use of a “protective” atmosphere to surround 
the workload during heating and cooling. The 
most common furnace atmosphere, however, 
is air. Often times, nothing more is needed. 
When an air atmosphere is used, such as in 

a low temperature tempering operation, the 
final condition of the material’s surface (or 
“skin”) is not considered important.

Furnace atmospheres play a vital role in 
the success of the heat-treating process. 
It is important to understand why we use 
them and what the best atmosphere for 
a specific application is. There are many 
different types of atmospheres being used, 
and it is necessary to understand how 
a particular atmosphere was chosen as 
well as its advantages and disadvantages 
and to learn how to control them safely. 

The purpose of a furnace atmosphere varies 
with the desired end result of the heat-
treating process. The atmospheres used in 
the heat-treating industry have one of two 
common purposes:

•  To protect the material being processed from 
surface reactions, that is, to be chemically 
inert (or protective).

•  To allow the surface of the material being 
processed to changed or be chemically 
active (or reactive).

The types of atmospheres used in heat-
treating furnaces are summarized in Table 3.

Some atmospheres on the list such as 
argon and helium are often associated with 
vacuum furnaces and are used at partial 
pressure (pressure below atmospheric 
pressure). Others, such as sulfur dioxide 
are used for very special applications.

Generated atmospheres produce 
combinations of gases of specific composition 
prepared on site by use of Gas Generators 
that are designed for this purpose. The 
“feed” stock (hydrocarbon fuel gas 
used in combination with air to create the 
atmosphere) is typically natural gas or propane. 

During operation, the volume of protective 
atmosphere required for safe use in a 
particular heat treating furnace depends to a 
great extent on the: 

• Type and size of furnace; 
•  Presence or absence of doors and/or curtains; 
• Environment (especially drafts); 
•  Size, loading, orientation, and nature of the 

work being processed, and Metallurgical 
process involved.

In all cases, the manufacturer’s 
recommendations should be followed 
since they have taken these factors into 
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account during the design of the equipment. 
Remember that to purge air out of a furnace 
prior to introduction of a combustible furnace 
atmosphere requires a minimum of five (5) 
volume changes of the chamber. This is to 
ensure that the oxygen content of the chamber 
is below 1 percent prior to the introduction of 
the atmosphere.

Generated atmospheres are classified 
according to the relative amounts of the 
individual gases produced. Table 4 below 
provides a list of these classifications according 
to the American Gas Association (AGA). The 
gases are divided into six (6) main classes.

Exothermic reactions produce heat while 
endothermic reactions require heat to 
promote the reaction. The composition of the 
atmospheres produced can be changed in a 
number of ways. Varying the gas/air ratio, or 
using a different “feed” stock (natural gas or 
propane for example) will cause the chemistry 
of the gas to change.

VACUUM FURNACES
Vacuum furnaces (Fig. 5) can be classified, 
according to the mode of loading into horizontal 
and vertical and can be further subdivided into 
batch or continuous (multi-chamber) designs.

Heat treatment in vacuum furnaces is 
characterized by special conditions with 
regard to the design of the furnaces as well 
as the control of temperature and vacuum 
level during the heat treatment. The design 
of the furnaces generally depends on the size 
of the load, the pressure and temperature to 
be attained, and the medium to be used in 
cooling the load. 

The main parts of a vacuum furnace 
include:

• Vessel;
• Pumping system;
• Hot zone;
• Cooling system. 

Vacuum furnace vessels can be grouped 
into so-called hot wall and cold wall designs. 
Typical hot wall furnaces have no water-cooled 
shells or have a retort into which the workload 
is placed that is commonly metallic or ceramic 
dependent on the temperature. The heating 
system is typically located outside of the retort 
and consists of resistive heating elements or 
an induction coil. Limitations of this retort-type 

furnace are the restricted dimensions of the 
heating zones and the restricted temperature 
range of the retort, usually limited to 2000F 
(1100ºC) maximum. With cold wall furnaces, 
the vacuum vessel is cooled by a cooling 
medium (usually water) and is kept near 
ambient temperature during high temperature 
operations.

In comparison to the hot wall furnace, the 
features of the cold-wall furnace are:

•  Higher operating temperature ranges with 
2400ºF (1315ºC) standard and 3000ºC 
(1650ºC) or higher practical. 

•  Lower heat losses and less heat load 
released to the surroundings. 

• Faster heating and cooling performance. 
• Greater temperature uniformity control.

The construction of the pumping system 
depends on the following factors: 

• Volume of the vessel.
•  Surface area of the vessel and the type of 

furnace internals. 
•  Outgassing of the workload and related 

fixturing. 
•  Time required for evacuation down to the 

final pressure. 
It is important to note that the pumping 

system must maintain the process vacuum 
level without being overwhelmed by the 

Figure 1: Typical Batch Style Furnaces.

Figure 2: Typical Load of Timing Integral Quench 
Furnace.

Figure 3: Typical Continuous Style Furnaces. 
(Photograph Courtesy of Surface Combustion, Inc.)

Figure 4: Typical Load of Truck Transmission Gears 
Processed in a Pusher Furnace.

Figure 5: Vacuum Hardening and/or Carburizing of 
Gears. (Photograph Courtesy of Solar Manufacturing)
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outgassing of the workload. Pumping systems are usually divided into two 
subsystems, pumps for rough vacuum (micron range) and pumps for high 
vacuum (sub-micron range). For certain applications a single pumping 
system can handle the entire range and cycle. The pumps themselves 
are usually classified in two general categories, mechanical pumps and 
diffusion pumps. There are other specialized types of vacuum pumps 
for use in achieving higher vacuum ranges such as ejectors, ion pumps, 
cryo-pumps, turbo-molecular pumps, and “chemical getter” pumps. 

For the insulation of the heating chamber, or hot zone, the following 
designs and materials are in common use:

 
• All metallic (radiation shields) 
•  Combination radiation shields and other (ceramic) insulating material 
• Multiple-layer (sandwich) insulation 
•  All graphite (board, fiber, carbon-carbon composite) 
•  Radiation shields are manufactured from:
•  Tungsten or tantalum having a maximum operating temperature of 

4350ºF (2400ºC),
•  Molybdenum having a maximum operating temperature of 3100F 

(1700ºC),
•  Stainless steel or nickel alloys having a maximum operating 

temperature of 2100ºF (1150ºC). 

Most all-metallic designs consist of a combination of materials, for 
example, three molybdenum shields backed by two stainless steel 
shields would be typical for 2400F (1150ºC) operation. Radiation shields 
adsorb only small amounts of gases and water vapors during opening 
of the furnace. They are, however, expensive to purchase and maintain 
and often require greater pumping capacity to remove any moisture 
trapped between the shields. Compared with other types of insulation, 
their heat losses are high and become higher with loss of emissivity 
(reflectivity) due to the gradual contamination of the shields.

Graphite fiber insulation designs are the most popular style 
today. With inherently lower heat losses, a smaller thickness of 

insulation is sufficient. In these designs, the absorption of gases 
and water vapor is considerably reduced. Furthermore, the heating 
costs are lower, and the lifetime of this type of insulation is much 
longer. The maximum operating temperature is around 3630F 
(2000ºC). The lifetime depends strongly on the purity of the graphite. 

In general, the heating elements for heating systems in vacuum 
furnaces are made from one of the following materials: 

•  Nickel/Chromium alloys that can be used up to 2100ºF (1150ºC). 
Above 1475F (800ºC) there is a risk of evaporation of chromium. 

•  Silicon carbide with a maximum operating temperature of 2200ºF 
(1200ºC). There is a risk of evaporation of silicon at high temperatures 
and low vacuum levels. 

•  Molybdenum with a maximum operating temperature of 3100ºF 
(1700ºC). Molybdenum becomes brittle at high temperature and is 
sensitive to changes in emissivity brought about by exposure to oxygen 
or water vapor. 

•  Graphite can be used up to 3630ºF (2000ºC). Graphite is sensitive to 
exposure to oxygen or water vapor resulting in reduction in material 
thickness due to the formation of carbon monoxide (CO) that will be 
evacuated by the pumps. The strength of graphite increases with 
temperature. 

•  Tantalum has a maximum operating temperature of 4350ºF (2400ºC). 
Tantalum, like molybdenum, becomes brittle at high temperatures 
and is sensitive to changes in emissivity brought about by exposure to 
oxygen or water vapor.

Uniformity of temperature is of great importance to heat treatment 
results. The construction of the heating system should be such that 
temperature uniformity in the load during heating is optimal; it should be 
better than ±10F (5ºC) after temperature equalization. This is realized 
with single or multiple temperature control zones and a continuously 
adjustable supply of heating power for each zone.

In the lower temperature range, below 1550ºF (850ºC), the radiant 
heat transfer is low and can be increased by convection-assisted 
heating. For this purpose, after evacuation, the furnace is backfilled 
with an inert gas up to an operating pressure of 1-2 bar, and a built-in 
convection fan circulates the gas around the heating elements and the 
load. In this way, the time to heat different loads of gears, especially 
those with large cross sections to intermediate temperatures, for 
example 1000ºF (550ºC), can be reduced by as much as 20 – 30%. At 
the same time the temperature uniformity during convection-assisted 
heating is much better, resulting in less distortion of the heat-treated part. 

The following quench media (listed in order of increasing intensity 
of heat transfer) are used for the cooling of components in vacuum 
furnaces: 

• Vacuum 
•  Sub-atmospheric cooling with a static or agitated inert gas (typically 

Ar or N2)
•  Pressurization (up to 20 bar or more) cooling with a highly agitated, 

recirculated gas (Ar, N2, He, H2 or mixtures of these gases).  
• Oil, still or agitated 

After heating in vacuum, the bright surface of the components must 
be maintained during the cooling. Today, sufficiently clean gases are 
available for cooling in gas with impurity levels typically in 2 ppm of 

Criteria Distinguishing Feature Remarks

Method of Heating Combustion of Fuel Gas (natural, other hydrocarbon, 
manufactured, tank) or oil (tar)

Electricity Electrical resistance (metallic, ceramic, 
other); Electric arc (melting); Electrical 
induction (heat treating, melting)

Method of Handling 
Charge

Batch Work remains stationary

Continuous Work moves continuously within the 
equipment.

Intermittent Work moves periodically

Internal Atmosphere Air

Other Generated, synthetic, elemental, mix

Exposure of Charge to 
Atmosphere

Open Exposed charge, single heat transfer.

Closed Muffle design (isolated charge, double heat 
transfer)

Type of Hearth Stationary Slab, skid, rails.

Moveable Belt, car, roller, rotating table, screw, shaker.

Liquid Bath Salt

Other Molten lead, fluidized bed

Table 1: Classification of Furnaces.
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oxygen and 5-10 ppm of water (by volume) range. Nitrogen is commonly 
used as a cooling medium because it is inexpensive and relatively safe. 
Helium is also used in systems and recycling is necessary.

Multi-chamber furnaces equipped with an integral oil quench (Fig. 
6) or high pressure gas quenching are commonly available. If used in 
vacuum, oils are specially formulated (evaporation-resistant) for vacuum 
operation.

One other variation worth noting is the plasma or ion furnaces. Plasma 
furnaces exist in all styles, horizontal in single or multiple-chamber 
configurations, as well as vertical designs such as bell furnaces and 
bottom loaders.  The basic differences between these designs and 
conventional vacuum furnaces are the electrical isolation of the load 
from the furnace vessel via load support isolators; the plasma current 
feed-through; the high-voltage generator, which creates the plasma; and 
the gas dosage and distribution system. Plasma furnaces also utilize 
conventional vacuum furnace chamber and pumping systems.

Depending on the specific application, they are either low temperature 
furnaces (1400F (750ºC) for plasma (ion) nitriding or high temperature 
furnaces up to 2400ºF (1100ºC) for plasma (ion) carburizing. Low 
temperature furnaces for plasma nitriding are constructed as cold-wall 
or hot-wall furnaces. High temperature furnaces are usually cold-wall 
furnaces with water-cooled double walls. They can be equipped either 
with a high-pressure gas quench system or an integrated oil quench 
tank.

The generator needed to create a plasma glow discharge inside a 
plasma furnace has to be a high-voltage dc generator (up to 1000 
volts). Currently there are two types of generators in use; one type has 
continuous-current outputs and the other has pulsed-current output.

INDUCTION HARDENING
Various methods of hardening by use of applied energy are used in 
the manufacture of gears including flame hardening, laser surface 
hardening and induction.

Of the various types of applied energy processing, induction 
hardening (Fig. 8) is the most common. Induction heating is a process, 
which uses alternating electrical current that induces a magnetic 
field, causing the surface of the gear tooth to heat. The area is then 
quenched, resulting in an increase in hardness within the heated area. 
This process is typically accomplished in a relatively short time. The final 
desired gear performance characteristics are determined not only by 
the hardness profile and stresses but also by the steels composition and 
prior microstructure. External spur and helical gears, bevel and worm 
gears, racks and sprockets are commonly induction hardened.

The hardness pattern produced by induction heating is a function 
of the type and shape of inductor used as well as the heating method. 
Quenching or rapidly cooling the work-piece can be accomplished by 
spray or submerged quench. The media typically used for the quench 
is a water based polymer.  The severity of this quench can be controlled 
by the polymers concentration. Cooling rates are usually somewhere 
in between what would be obtained from pure water and oil. In some 
unusual situations compressed air is used to quench the work-piece.

The most common methods for hardening gears and sprockets are 
by single shot or the tooth-by-tooth method. Single shot often requires 
large kW power supplies but results in short heat/quench times and 
higher production rates. This technique uses a copper inductor (coil) 
encircling the work-piece.  An inductor, which is circumferential, will 
harden the teeth from the tips downward.

While the single shot method is acceptable for splines and some 
gearing, the larger, heavier-loaded gears where pitting, spalling, tooth 
fatigue, and endurance are an issue need a hardness pattern which 
is more profiled like those produced with carburizing. This type of 
induction hardening is called tooth-by-tooth hardening. This method is 
limited for gear tooth sizes up to 5 or 6 DP using frequencies from 2 to 
10 kHz and about 10 DP using a range of 25 to 50 kHz. The lower the 
frequency; the deeper the case depth. This is a slow process due to the 
number of teeth and index times, and is usually reserved for gears and 
sprockets that are too large to single shot due to power constraints. The 
process involves heating the root area and side flanks simultaneously, 
while cooling each side of the adjacent tooth to prevent temper-back 
on the backside of each tooth (Fig. 7b). The induction system moves 
the coil at a pre-programmed rate along the length of the gear.  The coil 
progressively heats the entire length of the gear segment while a quench 
follower immediately cools the previously heated area. The distance 
from the coil to the tooth is known as coupling or air-gap. Any variation 
in this distance can yield variation in case depth, hardness, and tooth 

Furnace Style Application Use

Bell Aging, Bluing, Hardening, Nitriding, Solution Heat Treatment, Stress 
Relieving, Tempering

Box Aging, Annealing, Carburizing, Hardening, Malleabilizing, Normalizing, 
Solution Heat Treatment, Stress Relieving, Tempering 

Car Bottom Annealing, Carburizing, Hardening, Homogenizing, Malleabilizing, 
Normalizing, Spheroidizing, Stress Relieving, Tempering

Cloverleaf Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, 
Normalizing, Tempering

Continuous Slab Carburizing, Homogenizing, Solution Heat Treatment

Conveyor Austempering, Annealing, Brazing, Carbon Restoration, Carbonitriding, 
Carburizing, Hardening, Homogenizing, Spheroidizing, Tempering

Electron Beam Hardening (surface)

Elevator Hearth Aging, Annealing, Hardening, Malleabilizing, Solution Heat Treatment, 
Stress Relieving, Tempering

Fluidized Bed Carbonitriding, Carburizing, Hardening, Nitriding, Nitrocarburizing, 
Steam Treating, Tempering

Humpback Annealing, Brazing, Hardening, Stress Relieving, Sintering

Induction Hardening, Tempering

Integral Quench Austenitizing, Annealing, Carbon Restoration, Carbonitriding, 
Carburizing, Hardening, Nitrocarburizing, Normalizing, Stress 
Relieving, Tempering

Ion Carbonitriding, Carburizing, Nitriding, Nitrocarburizing

Laser Annealing

Monorail Annealing, Hardening, Normalizing, Stress Relieving, Tempering

Pit Annealing, Bluing, Carbon Restoration, Carbonitriding, Carburizing, 
Hardening, Homogenizing, Nitrocarburizing, Nitriding, Normalizing, 
Solution Heat Treatment, Steam Treating, Stress Relieving, Tempering

Pusher Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, 
Malleabilizing, Metallizing, Nitrocarburizing, Normalizing, Solution 
Heat Treatment, Sintering, Spheroidizing, Stress Relieving, Tempering

Quartz Tube Hardening, Sintering

Resistance Heating Aging, Annealing, Carbonitriding, Hardening, Normalizing, Stress 
Relieving

Roller Hearth Bluing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, 
Malleabilizing, Normalizing, Solution Heat Treatment, Spheroidizing, 
Stress Relieving, Tempering

Rotating Finger Annealing, Hardening, Normalizing, Stress Relieving, Tempering

Rotary Hearth Annealing, Austempering, Carbon Restoration, Carbonitriding, 
Carburizing, Hardening, Tempering

Salt Bath Austempering, Carbonitriding, Carburizing, Hardening, Malleabilizing, 
Martempering, Nitrocarburizing, Normalizing, Tempering

Screw Conveyor Annealing, Hardening, Stress Relieving, Tempering

Shaker Hearth Annealing, Carbonitriding, Carburizing, Hardening, Normalizing, Stress 
Relieving, Tempering

Split Annealing, Stress Relieving

Tip-Up Annealing, Hardening, Malleabilizing, Normalizing, Spheroidizing, 
Stress Relieving, Tempering

Vacuum Annealing, Brazing, Carbon Deposition, Carbonitriding, Carburizing, 
Degassing, Hardening, Nitrocarburizing, Normalizing, Solution Heat 
Treatment, Sintering, Stress Relieving, Tempering

Walking Beam Annealing, Hardening, Normalizing, Sintering, Stress Relieving, 
Tempering

Table 2: Common Applications of Heat Treating Furnaces [21]
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distortion. The gear is indexed after each tooth has been hardened, 
often skipping a tooth. This requires at least two full revolutions in the 
process to complete the hardening of all teeth. Straight, spur, and helical 
gears up to 210” (5.33 m) and up to 15,000 lbs. (6800 kg) have been 
processed with this method. The entire process yields a repeatable soft 
tip of the tooth with hard root and flank. In other applications, the tip 
and both flanks can be hardened simultaneously and yield a soft root.

OVENS
Ovens (Fig. 9) may be designed for intermittent loading, that is, one 
batch at a time, or for a continuous flow of work using some form of 
conveyance through the unit. Today, oven construction can be used 
in temperature applications up to 1400ºF (760ºC) although 1000ºF 
(538ºC) to 1250ºF (675ºC) is a traditional upper limit. Oven technology 
utilizes convection heating, that is, the circulation of air, products of 
combustion, or an inert gas as the primary means to heat a workload to 
temperature. Oven construction also varies considerably from furnace 
construction.

Oven equipment sizes also vary dramatically, from small bench 
top units in laboratory environments to huge industrial systems 
with thousands of cubic feet of capacity. (cubic meters) of capacity. 
Ovens operate with air atmospheres but may be designed to contain 
special atmospheres such as nitrogen or argon, or incorporate special 
construction, such as adaptations for retorts, that allow the use of 
special atmospheres for the processing of very specialized applications.

The source of heat may be derived from combustion of fuel or 
electricity. Heat is transferred to the work primarily by natural gravity 
or forced convection, or by radiant sources if the temperature is high 
enough. As stated earlier, oven construction can be used in temperature 
applications up to 1400ºF (760ºC) although temperature ratings of 
1250ºF (675ºC) or 1000ºF (538ºC) are more common. 

Selection of the type of oven involves the careful consideration of 
several variables including:

• Quantity of material to be processed;
•  Uniformity in size and shape of the product;
• Lot size;
• Temperature tolerances;
• Effluent evolution, if any

Batch systems may be classified as:

• Bell;
• Bench top;
• Cabinet;
• Truck;
• Walk-in;

Continuous systems include:

• Belt;
• Drag chains;
• Monorail;
• Pusher;
• Roller hearth;
• Rotary drum (or retort);
• Screw;
• Walking beam

There are several design criteria for oven construction that includes:

• Operating temperature;
• Heating method;
• Thermal expansion of materials;
• Atmospheres; 
• Airflow patterns

The range of operating temperature is one of the main determinants 
of oven construction. Typically, all ovens are constructed of a double wall 
of sheet metal with insulation and reinforcing members sandwiched 
between the sheets. The insulation may be glass fiber, mineral wool or 
lightweight fiber material. The sheet metal lining for ovens may be of low 
carbon steel, galvanized steel, zinc-gripped steel, aluminized steel, or 
stainless steel depending on the temperature requirement.

Several distinct changes occur in oven construction as the 
temperature increases. Problems with expansion and sealing of interior 
joints (e.g. heat and atmosphere) become much more significant at 
higher temperatures. For example, an oven designed for operation at 
400ºF (205ºC) will have mineral wool insulation, 4” (100 mm) thick. 
By contrast, for a 700ºF (370ºC) operating temperature, a thickness of 

Type Chemical Symbol Remarks

Air N2 + O2 Air is approximately 79% nitrogen, 21% oxygen

Argon Ar Argon is considered an inert gas

Carbon Dioxide CO2

Carbon Monoxide CO

Custom blends Alcohols, Combinations of N2 + Other Gases

Generated 
atmospheres 

Endothermic, Exothermic, Dissociated Ammonia

Helium He Helium is considered an inert gas

Hydrocarbons CH4, C3H8, C4H10 Methane (CH4), Propane (C3H8), Butane C4H10)

Hydrogen H2

Nitrogen N2

Oxygen O2

Products of 
combustion

A mixture of a hydrocarbon fuel gas and air whose 
composition is dependent on the air/gas ratio.

Steam H20 Water vapor

Sulfur Dioxide SO2

Synthetic 
atmospheres 

Nitrogen/Methanol

Vacuum Vacuum is the absence of an atmosphere

Table 3: Common Types of Furnace Atmospheres. 

Figure 6: Typical Vacuum Hardening and Case Hardening Furnace. (Photograph 
Courtesy of SECO/WARWICK Corporation)
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7” (175 mm) is required. Thermal expansion 
in large ovens is generally compensated for by 
the use of telescoping panel joints in the walls, 
ceiling, and floor. Door construction must 
incorporate similar expansion joints.

The type and quantity of airflow is important. 
For example, ovens designed for handling 
explosive volatiles such as paint drying or 
solvent extraction have special considerations 
including large air flow volumes to dilute the 

volatile, explosion relief hatches, purge cycles, 
powered exhausters, airflow safety switches 
and fresh air dampers.

Several different patterns of airflow can 
be used depending on the workload 
configuration. Of critical importance to 
overall temperature uniformity is air velocity 
(inlet and return). These are:

• Horizontal
• Vertical
• Combination (uniflow)

The method of heating an oven often depends 
not only on the availability of a particular fuel 
but also on the process itself. Many processes 
cannot tolerate products of combustion from 
direct fired systems so indirect (radiant tube) 
firing or alternate energy sources need to be 
considered. In addition, some means of heat 
transfer, such as microwave heating, are 
severely limited in the type of product that can 
be processed. Ovens are commonly heated 
by fuel (natural gas or other hydrocarbons), 
steam, or electricity. Infrared heating and 
microwave (radio frequency) are also used.  

IN CONCLUSION
Today, the design engineer has the good 
fortune of being able to choose from a 

number of heat-treatment process as well 
as equipment choices for any given type 
of gear material and gear design. The 
selection of the best type of equipment 
for gear heat treatment is often defined 
by such factors as availability, unit cost 
(own & operate or outsource cost) and/
or requirements based on the end-use 
application.   
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Class Base Type Description

100 Exothermic An atmosphere created from the products of partial or 
complete combustion of an air-gas mixture in a water-cooled 
combustion chamber.

200 Nitrogen A prepared atmosphere using an exothermic base with a large 
percentage of the carbon dioxide and water vapor removed.

300 Endothermic An atmosphere created by partial reaction of an air-gas 
mixture in an externally heated, catalyst-filled chamber. 

400 Charcoal Uncommon today. Formed by passing air over a bead of 
incandescent charcoal.

500 Exothermic-
Endothermic 

An atmosphere created by complete combustion of a mixture 
of gas and air, removing a large percentage of the water 
vapor, and reforming most of the carbon dioxide to carbon 
monoxide by reaction with fuel gas in an externally heated 
catalyst reactor.

600 Ammonia Any atmosphere created using ammonia as the primary 
constituent, including nascent (raw) ammonia, dissociated 
ammonia, or partially or completely combusted ammonia with 
a large percentage of the water vapor removed.

Table 4: Classification of Gases. (see original for this chart)

Figure 7: Typical Load of Gears for LPC Carburizing. 
(Photograph Courtesy of ALD Thermal Treatment)

Figure 8: Typical Induction Heat Treated Gear. 
(Photograph Courtesy of  EMA Induction Technology)

Figure 9: Typical Ovens Used for Tempering 
Gears. (Photograph Courtesy of Wisconsin Oven 
Corporation)

ABOUT THE AUTHOR: daniel H. Herring is “the 
Heat treat doctor” with tHe Herring groUp, inC. 
For more information, call 630-834-3017 or email 
dherring@heat-treat-doctor.com, or visit www.
heat-treat-doctor.com.
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Contact Thermal Processing for Gear Solutions at 800-366-2185 to list your equipment.

BAtCH OvENs & BOx tEMPEriNg FurNACEs
8”x18”x8” Lucifer Elec 1250 °F  rEF #103

12”x18”x12” Lucifer Elec 1250 °F  rEF #103

12”x24”x12” Lucifer Elec 1250 °F  rEF #103

12”x16”x18” Lindberg Elec 1250 °F  rEF #103

12”x16”x18” Lindberg Elec 1200 °F  rEF #103

14”x14”x14” Gruenberg Elec 450 °F     rEF #103

14”x14”x14” Blue-M Elec 1300 °F  rEF #103

18”x36”x18” Lucifer Elec 1250 °F  rEF #103

19”x15”x18” Blue-M Elec 650° F      rEF #103

20”x18”x20” Blue-M Elec 650 °F      rEF #103

20”x18”x20” Blue-M Elec 500 °F      rEF #103

20”x20”x20” Grieve Elec 400 °F     rEF #10

20”x18”x20” Blue-M Elec 400 °F      rEF #103

20”x18”x20” Grieve Elec 400 °F     rEF #103

20”x20”x20” Michigan Oven Elec 1000 °F  rEF #103

24”x36”x24” Paulo Gas 1250 °F  rEF #103

24”x24”x36” New England Oven Elec 800 °F      rEF #103

24”x26”x24” Grieve Gas 500 °F     rEF #103

24”x36”x24” Demtec (Nitrogen) Elec 500 °F     rEF #103

24”x24”x48” Blue-M Elec 600 °F     rEF #103

24”x36”x24” Grieve Elec 500 °F     rEF #103

25”x20”x20” Blue-M Elec 650 °F     rEF #103

25”x20”x25” Blue-M Elec 400 °F     rEF #103

25”x20”x20” Blue-M Elec 650 °F     rEF #103

25”x20”x20” Blue-M Elec 600 °F     rEF #103

26”x26”x38” Grieve Elec 850 °F     rEF #103

26”x26”x38” Grieve Elec 850 °F     rEF #103

30”x48”x22” Dow Elec 1250 °F  rEF #103

30”x48”x24” Pacific Gas 1450 °F  rEF #103

30”x30”x42” Gruenberg Elec 550 °F     rEF #103

30”x48”x30” Surface Elec 1400 °F  rEF #103

30”x48”x30” Surface Elec 1400 °F  rEF #103

36”x24”x24” Young & Bertke Elec 400 °F     rEF #103

36”x60”x36” CEC Elec 800 °F     rEF #103

36”x60”x36” CEC Elec 800 °F     rEF #103

36”x36”48” Blue-M Elec 600 °F     rEF #103

37”x25”x50” Despatch Elec 500 °F     rEF #103

37”x25”x37” Despatch Elec 850 °F     rEF #103

38”x26”x38” Lucifer Elec 850 °F     rEF #103

38”x26”x38” Grieve Elec 500 °F      rEF #103

38”x36”x120” Steelman Elec 450 °F     rEF #103

38”x19”x25” Blue-M Elec 650 °F     rEF #103

38”x26”x38” Grieve Elec 1250 °F  rEF #103

38”x26”x38” Grieve Elec 1000° F  rEF #103

48”x30”x42” Despatch Gas 850 °F     rEF #103

48”x48”x72” Despatch Elec 500 °F     rEF #103

48”x48”x72” Lydon Bros. Elec 450 °F     rEF #103

48”x48”x72” Despatch Elec 500 °F      rEF #103

60”x64”x72” Pollution Controls Gas 850 °F     rEF #103

72”x96”x72” Despatch Gas 750 °F     rEF #103

72”x72”x72” Michigan Oven Gas 500 °F      rEF #103

72”x120”x72” Jack Miller - Heatmaster Gas 500 °F     rEF #103

78”x64”x76” Fostoria Industries Elec 250 °F     rEF #103

120”x168”x126 ”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”x18”x8” Blue-M Elec 2000 °F  rEF #103

12”x24”x8” Lucifer (Up/Down-Retort)Elec 2150 °F  rEF #103

12”x24”x12” Lucifer (Up/Down) Elec 2400 °F  rEF #103

12”x24”x8” C.I. Hayes Elec 1850 °F  rEF #103

13”x24”x12” Electra (Up/Down) Elec 2000 °F  rEF #103

17”x14.5”x12” L&L Special Furnaces Elec 2350 °F  rEF #103

22”x36”x17.5” Lindberg Elec 2050 °F  rEF #103

36”x48”x24” Sunbeam Elec 1950 °F  rEF #103

60”x96”x48” Park Thermal Elec 1850 °F  rEF #103

126”x35’x72” Drever “Lift-Off” Gas 1450 °F  rEF #103

126”x35’x72” Drever “Lift-Off” 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

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

eQuipment
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eQuipment

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

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

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”x60”  Procedyne (1980)  Elec 1850 °F  rEF #103

16”x20” Lindberg Elec 1250 °F  rEF #103

22”x26” Leeds & Northrup Elec 1200 °F  rEF #103

28”x48” Lindberg Elec 1400 °F  rEF #103

33”x60” Lindberg Elec 1250 °F  rEF #103

33”x60” Lindberg Elec 1250 °F  rEF #103

33”x60” Lindberg Elec 1250 °F  rEF #103

33”x60” Lindberg Elec 1250 °F  rEF #103

38”x48” Lindberg Elec 1400 °F  rEF #103

40”x60” Wellman Elec 1200 °F  rEF #103

40”x60” Leeds & Northrup Elec 1200 °F  rEF #103

48”x48” Lindberg 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”x36”x18” C.I. Hayes Elec 2400 °F  rEF #103

48”x60” Ipsen 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
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Whatever your heat treating needs, we are ready to 
provide you with the quality and service you require.

2400 Racine st., Racine, Wi 53408 • (262) 634-1905
accutempheat.com • accutemp@accutempheat.com

Heat treating services
• in-Plant heat treat training
•  heat treat Process trouble-

shooting and consulting
• annealing 
• carbonitriding 
• carburizing 
• complete Metallurgical lab 
• cryogenic Freezing 
• Ferritic nitro carburizing 
• Gas nitriding
• stress Relieving

Manufacturing excellence
through quality, integration, materials, 

maintenance, education, and speed.

MArket
plACe

ION NItrIdINg
the economical way to build wear resistance and long life into gears and metal parts.

• Increases wear resistance as much as 500%.
• Eliminates or minimizes finish grinding costs.
• Imparts a hard, uniform and wear resistant surface.
• Extends the life of molds and molding components by three to ten times.
 

PROGRESSIVE ENGINEERING CO.
PROGRESSIVE HEat tREatING CO.

Call (804) 717-5353 • (800) 868-5457 or Fax (804) 717-5388
1701 West Hundred Road, Chester, VA 23836
pecgears.com  e-mail: sales@ pecgears.com

MeMber of 

TECHNOLOGY

SURFACE COMBUSTION, INC. • 1700 INDIAN WOOD CIRCLE
P.O. BOX 428 • MAUMEE, OH 43537

PH: (419) 891-7150, (800) 537-8980 • FAX: (419) 891-7151
EMAIL: info@surfacecombustion.com

WEBSITE: www.surfacecombustion.com 

n Continuous Furnaces n
n Nitriding Furnaces n

n LP Carburinzing Furnaces n
n Furnace Automation n

n Enhancing Past Technologies n
n Expanding Existing Technologies n
n Establishing New Technologies n

www.luciferfurnaces.com • 800-378-0095

HEAT TREATING 
FURNACES and OVENS

Lucifer Furnaces, Inc.

SAlES MANAgEr/
SENIOr SAlES-

PErSON
Senior Salesperson/Sales Manager to 
drive aggressive sales growth for new-
ly re-engineered induction systems 
and tooling used for industrial heat-
ing, heat treating, welding, annealing, 
coating, and other applications in the 
automotive, powertrain, construction, 
agriculture, metals, mining, military, 
aerospace, and other industries.

Contact: hr@techinduction.com

Commited to Manufacturing Excellence
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Q: What is your background?
KB: I have an engineering degree from the 
University of Missouri and I’ve been with 
Seco/Warwick since 1984, working in sales, 
engineering, international operations and now as 
president of the company since 2009.

Q: Tell me a little about Seco/Warwick.
KB: We are a global organization and 
manufacturer of industrial heat treat furnaces 
for atmosphere controlled heat treating, 
aluminum melting and heat treating, high 
temperature heat treating with vacuum, 
aluminum brazing of heat exchangers and 
titanium melting. We have facilities in six 
countries – two in the United States, two in 
Poland, one in India and one in China that 
each handle manufacturing of furnaces. Our 
facility in Meadville, Pennsylvania is the North 
American manufacturing location for the heat-
treating product lines. In this plant we have 
92 employees. The plant in California handles 
furnaces for titanium melting. Globally, we have 
over 900 employees, including mechanical and 
electrical engineers, CAD drafting, field service 
and various complementary support staff. We 
serve many markets including aerospace, 
automotive, and energy markets. Our equipment 
is custom engineered to give customers 
optimum performance and reliability for their 
unique manufacturing needs. Our customers 

use our furnaces for metallurgical processes 
such as carburizing, annealing, homogenizing, 
tempering, and many others.

Q: You are ISO certified. Is this important to 
your customers?
KB: We’ve been ISO certified since the mid 90s 
when ISO first started to become a requirement 
from a customer standpoint. From our standpoint, 
it assures our quality programs across all our 
international facilities. It’s a useful system for 
us to help maintain a continuous improvement 
path because with ISO you are reviewing 
processes and problems for root causes and 
it allows us to review processes and problems 
to improve our manufacturing business. ISO 
certification is one program that contributes to 
our mission of achieving market leadership by 
being an innovative, customer-focused global 
company delivering heat processing equipment 
and services with exceptional quality and value 
through a global perspective and ongoing growth.

Q: Specifically for gears, what are your 
capabilities in heat-treating?
KB: We are focused on carburizing gears to 
tight tolerances. Many of our customers need to 
control case depth of gears for hardening. We’ve 
developed the Case Master Evolution (CMe) line 
of furnaces specifically for that market. This is 
a vacuum heat treat with an oil quench system 
that is significantly cleaner and environmentally 
a better choice compared to internal quench 
furnaces of 20 to 30 years ago. The CMe line 
revolutionizes this market with new technology 
that is more suitable for today’s needs. We’ve 
installed a number of them in the market now 
and it’s proven to be more efficient than the 
traditional alternatives.

Q: Can you tell me a little more about the Case 
Master Evolution furnace?
KB: The CMe is a vacuum carburizer dedicated 
for low-pressure carburizing with oil and 2-bar 
gas quenching. The furnace uses an LPC 
heating chamber and quench chamber with a 
gas quench above an oil tank. This allows for 

better flexibility and productivity. The furnace 
provides low pressure carburizing through Seco/
Warwick’s proprietary FineCarb technology and 
uses low-pressure carburizing with pre-nitriding 
with our newly developed PreNitLPC technology. 
The equipment is already being used by 
some manufacturers as a turnkey installation 
solution. This is just part of our plans to bring 
new technology to our customers. The CMe is 
a good alternative to traditional integral-quench 
furnaces for aviation engines and landing gear, 
drive axles, gear wheels and toothed rings, 
gearbox components and commercial heat-
treating. It reduces costs and saves time, while 
producing clean parts after heat-treatment. It’s 
a computer-controlled system that is equipped 
with visualization processes and it’s easy to setup 
and use. The furnace heats up to 2400 degrees 
F for temperature uniformity, and under standard 
conditions the charge can be transferred from 
the heating chamber to the oil quench in less 
than 20 seconds.

Q: What is the company’s vision moving 
forward?
KB: We are looking to continually develop new 
technologies and refine existing technologies to 
bring those technologies to the global market. We 
recognize our customers’ concerns regarding 
environmental, product quality, cycle time, and 
energy consumption issues and are working 
daily to address these in cost-effective ways. We 
are developing all of our companies so they will 
each have the capability to provide these new 
technologies to their geographic markets. 

Q: Is there anything you’d like to add?
KB: I want to thank Thermal Processing for the 
opportunity to present this brief introduction 
to Seco/Warwick and our furnace products. 
For your readers that are interested in more 
details, we invite them to our website which 
has very good information on our products and 
capabilities. Customers may also go online and 
submit an inquiry or quotation request to learn 
more about the Case Master Evolution line or any 
of our other heat-treating solutions.  

keith boeCkenhauer
preSident – SeCo/warwiCk Corp

FOR MORE INFORMATION:  visit www.secowarwick.com or call 1-814-332-8400.



Performance Proven 
Heat Processing 
Equipment 

■ Manufacturing thermal processing solutions for over 50 years.
■ Extensive range of standard products for stand-alone or total systems.
■ Engineered solutions to meet specific process or configuration needs.
■ Reliable products focused on ease of operation and maintenance.
■ Commitment is to satisfy companies by providing Performance. 
■ Proven Heat Processing Equipment Incorporating the Latest
  Product Enhancements.
■ Contact BeaverMatic to find out more about how we can help your   
 company succeed.



TECHNOLOGY

SURFACE COMBUSTION, INC.  •  1700 INDIAN WOOD CIRCLE  •  P.O. BOX 428  •  MAUMEE, OH 43537
PH: (419) 891-7150, (800) 537-8980  •  FAX: (419) 891-7151

EMAIL: info@surfacecombustion.com  •  WEBSITE: www.surfacecombustion.com  

LP CARBURIZING FURNACES

CONTINUOUS FURNACES NITRIDING FURNACES

■  Enhancing Past Technologies   ■  Expanding Existing Technologies  ■  Establishing New Technologies

For over 95 years, Surface Combustion has focused on applying our technical and 
practical experience to the pursuit of moving heat treating and furnace technology forward.  

■ Single and Multi-Chamber Designs ■

■ Gas-Fired and Electrically Heated Units ■

■ High Pressure Gas and Oil Quench Units ■

■ Patented Cyclohexane Injection System ■

■ Wide Range Of Companion Equipment ■

FURNACE AUTOMATION

■ Single and Multi-Row Designs ■

■ Gas-Fired and Electrically Heated Units ■

■ Wide Range of Process Applications ■

■ Various Levels of Automation ■

■ Belt, Pusher, Roller Hearth, and Rotary Styles ■

■ Wide Range Of Companion Equipment ■

■ Gas Nitrider Designs ■

■ Ion (Plasma) Nitrider Designs ■

■ Gas-Fired and Electrically Heated Units ■

■ Vertical and Horizontal Configurations ■

■ Completely Automated ■

■ Companion Gas Generators/Incinerators ■

■ Various Levels of Automation Available ■

■ Available for Batch or Continuous Furnaces ■

■ Complete Networking/Trending Available ■

■ Standardized or Custom Packages Available ■


