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Abstract
Part of increasing the life span of your vacuum heat-treating
system is understanding how equipment maintenance and
upkeep affect its performance.
This white paper discusses how maintenance best practices
can help you maximize uptime and extend the life of your
equipment. It also examines the role your furnace’s hot zone
and controls play in optimizing production and obtaining
high-quality results.

Introduction
Customers ask us every day how to reduce or eliminate
downtime. Many are surprised to learn that they can save up
to 189 days of downtime just by implementing a few simple
solutions – from updating their controls system and having a
spare parts kit on hand to utilizing preventative maintenance
packages.
As customers continue to look for ways to keep production
on schedule or their equipment running longer, it often leads
to them realizing the benefits of implementing maintenance
programs and lean manufacturing strategies. We have also
found, though, that an instrumental part of eliminating
downtime is knowing what maintenance best practices can
keep your equipment up and running for years. Throughout
this paper, we will discuss:
 The different forms of maintenance and how they
should be applied to everyday operations
 Hot zone best practices, including how to
repair/replace heating elements and knowing when it’s
time for a replacement hot zone
 The nuances of leak detection and running a cleanup
cycle
 The role your controls system plays in helping your
equipment operate longer and more efficiently

Preventative Maintenance Plans and
the Role They Play
One of the first, and most essential, steps for protecting your
investment is to routinely employ corrective, preventative
and predictive maintenance in day-to-day operations.
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Forms of Maintenance
Before beginning maintenance on your vacuum furnace,
though, it is important to understand the common forms of
maintenance in use today. Each maintenance strategy
possesses its own requirements and is often performed in
conjunction with another form of maintenance in an effort to
maintain production levels, as well as control – if not reduce
– maintenance costs.
Corrective Maintenance
Considered one of the most basic approaches to
maintenance, corrective maintenance is often performed
after a furnace fails to function correctly. As such, it often
involves looking at the furnace’s common symptoms to
determine the probable causes of failure and, ultimately,
correct them.
Preventative Maintenance
Preventative maintenance, on the other hand, involves
regular inspection and maintenance of the furnace
equipment before any major failures occur. Having a
preventative maintenance (PM) program in place is a key
part of protecting one’s equipment and generally includes
regular inspection, equipment servicing, repair and
replacement.

Preventative Maintenance Plans that
Protect Your Equipment
Counting the life of your furnace in decades, rather
than months or years, means you need to protect
your equipment by performing routine maintenance
on a daily, weekly, monthly, semiannual and yearly
basis.
At Ipsen, our standard of excellence goes well
beyond the delivery of your new equipment. We
can help you design a plan that incorporates
corrective, preventative and predictive maintenance,
and that also meets your specific needs based on the
process and materials you run, as well as the type of
results you desire.
Create your maintenance plan today:
www.IpsenUSA.com/Field-Service

Overall, PM programs allow companies to schedule
downtime in advance, and they also help provide predictable
annual maintenance costs. As such, preventative
maintenance is often considered an effective method for
protecting one’s equipment and helping maximize uptime.
Predictive Maintenance
The goal of predictive maintenance is to apply analytics to
detect a risk of failure, thus helping prevent the failure before
it ever occurs. The ideal predictive maintenance program
often incorporates a well-balanced mix of predictive,
preventative and corrective maintenance to best maintain
equipment. Yet it is the addition of predictive maintenance
that helps create a cost-effective program. In the end, the
integration of predictive maintenance helps furnace users
plan ahead – whether that means scheduling personnel to
perform maintenance or ensuring the required furnace parts
are in stock.
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For instance, if you record the furnace’s ultimate vacuum
and linear leak rate from the beginning, as well as any
changes that occur over time, you can then use the
performance log to determine if performance in one of those
areas has deteriorated. This means you are better equipped
to narrow down and identify the probable cause of any
corresponding issues, as well as the proper corrective
actions, without wasting time and resources. Overall,
maintaining historical logs is invaluable to maintenance
personnel who are dealing with both preventative and
corrective maintenance.
Another effective method for ensuring proper maintenance
and care of one’s heat-treating system is to adhere to a
carefully scheduled preventative maintenance program. By
utilizing daily, weekly, monthly, semiannual and yearly
maintenance checklists (Figure 1), one is better able to track
all the items that should be regularly inspected.

Available as a retrofit or with the purchase of a new
furnace, the PdMetrics® predictive maintenance
software platform securely connects to a network of
integrated sensors on your furnace to gather data,
analyze it and provide real-time diagnostics that
improve the health and integrity of your equipment.
Watch the video on predictive maintenance and
discover insights never before seen in the industry:
www.IpsenUSA.com/PdMetrics
Creating Maintenance Schedules
As one moves forward from an understanding of the primary
forms of maintenance to implementation, it is essential to
start by creating accurate records if you are to maintain an
efficient maintenance program. Once you start up or
commission your equipment, a performance log/baseline
should be established to record the following items:
 Blank-off pressures of the mechanical pumps and
pumping system package
 Pumpdown times from atmosphere to one micron
 Ultimate vacuum when the furnace is cold, dry and
empty (CDE)
 Linear leak rate after the chamber is blanked-off from
the pumping system
The items listed above are of special importance in operating
a vacuum furnace, which is why one must record every
observation or change. Since the equipment’s performance
will deteriorate with age, being able to make an accurate
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Figure 1 – A checklist of preventative maintenance tasks that
should be performed on a daily basis.

Some essential maintenance activities that should be
performed may include:
 Changing the oil in the vacuum pump at regular
intervals (dependent on the cycle, process and overall
furnace utilization)
 Replacing dynamic seals, such as door seals and
poppet valve seals (every year)
 Evaluating the jack panel (work thermocouple)
assembly to ensure it is providing accurate temperature
readings (every year)
Looking for guidance on what should be included in
your preventative maintenance checklists?
Download our recommended checklists:
https://goo.gl/uiwZ2d

Apply Maintenance Best Practices
to Your Hot Zone
Performing regular preventative maintenance on your hot
zone is a key part of extending its life span and keeping it at
peak performance. Being proactive about hot zone
maintenance and replacement can end up saving you from
unwanted downtime and higher operating costs – all of
which can result from continuing to run cycles in a furnace
that exhibits signs of degradation and heat loss.
When you need to receive technical support, order
parts, schedule service and more, call Ipsen’s
Aftermarket Support Helpline at 1-844-Go-Ipsen:
www.IpsenUSA.com/Helpline
Repair/Replace Broken Elements
On a daily basis, you should visually inspect the appearance
of the heating elements and insulation. Look for signs of any
missing, broken, cracked or loose components. Elements in
these conditions can lead to arcing and temperature-related
problems, such as inadequate heating and poor temperature
uniformity control.

Note: When replacing several molybdenum heating elements
at once, it is strongly recommended that you perform a
conditioning cycle to allow the new elements to expand and
recrystallize at a slow rate. This helps avoid damaging the
elements, hot zone and parts when you resume normal
operations in the furnace. Performing a Temperature
Uniformity Survey (TUS) again is recommended but may not
be required.
When you do need to repair or replace heating elements,
having a spare parts kit on hand can save you valuable time
and allow for quick repair. Some basic hot zone parts you
should try to keep in stock may include an element strip kit,
insulators, element hangers, carbon fiber composite, hearth
posts, gas nozzles, moly wire and moly nuts and bolts.
Leak Detection
A regular part of preventative maintenance for your hot
zone, leak detection plays an essential role in keeping leaks
from wreaking havoc on your equipment. Typically, loss of
vacuum in the chamber during a leak rate test signifies
outgassing and/or the presence of a real leak. Other types of
leaks include permeation, diffusion, backstreaming, internal
leaks and virtual leaks, as illustrated in Figure 2.

If you discover graphite elements are damaged, you would
generally replace the heating elements rather than attempting
to repair them. Considering graphite is not extremely brittle,
you do not have to worry about accidently breaking
surrounding heating elements during the replacement
process.
When replacing elements, it is extremely important that all
replacements have the same resistivity (i.e., within eight
percent) of the parent material used in the original fabricated
elements. Depending on the manufacturer, the material can
vary and have a different resistivity. If you end up changing
out heating elements and the replacements have a different
resistivity, it can negatively affect the furnace’s temperature
uniformity.
Molybdenum heating elements, however, are far more
fragile once they’ve been heated, so there are two common
methods for repairing broken elements. One option is to
replace a complete section in the same way you would a
graphite element. Alternatively, you can repair molybdenum
elements with an element patch, which allows you to clamp
on small sections of metal to bridge the broken element. This
avoids having to unbolt the heating elements between
connection points and replace an entire section, and it
reduces the chance of damaging surrounding elements. It is
important to note that while this method is an alternative to
replacing molybdenum elements, it is not an ideal long-term
solution.
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Figure 2 – The different types of leaks and ways they enter the
furnace system.

If one has ruled out outgassing – i.e., the release of absorbed
(low vapor pressure) contaminants present in the vacuum
system that contribute to a continuous rise in pressure – and
determined a real leak is the culprit, the next step is to
identify and detect the leak. Leak detection can be performed
several ways depending on the available leak detection
equipment. The two most common methods for locating the
presence of real leaks are utilizing either a solvent or a
helium mass spectrometer.

Solvent Technique
Using a solvent, such as acetone, is a simple but effective
method for locating intermediate-sized leaks. The procedure
involves carefully spraying the suspected area with the
solvent (acetone is preferred) and monitoring the most
sensitive vacuum instrument of the chamber. If a leak is
present in the area sprayed, the solvent will expand in the
chamber, showing an increase in chamber pressure via the
vacuum gauge.
The pressure increase may take 5 to 10 seconds to appear, so
it is necessary to wait this length of time before proceeding
to the next area. The sensitivity of this procedure greatly
increases with lower pressures. One should follow the usual
precautions when using hazardous solvents. Do not spill
solvent on painted surfaces as acetone will remove many
finishes.
Helium Mass Spectrometer
If the solvent technique is not used, a helium mass
spectrometer can also be employed to determine the leak’s
source. When using a helium mass spectrometer to perform
a leak check, it is recommended that you first calibrate the
leak detector. To begin leak checking the furnace, the
detector should be connected to the inlet side of the
mechanical pump.
Vacuum systems using a blower have a port for leak testing
located between the blower and the mechanical pump. Using
the blower and the diffusion pump employs the maximum
sensitivity of the leak detector. It is also important to start
leak checking at the top of the vessel and work one’s way
down since helium is lighter than air.

the source of the contamination to prevent continued
discoloration and degradation of your hot zone.
Cleanup Cycles
Another way to extend the life of your hot zone and make
your equipment perform more effectively is to remove
contaminants from within the hot zone by running a cleanup
cycle. This procedure is one of several preventative steps
that help maintain the overall health of your furnace.
Learn how to properly perform a cleanup cycle at
The Ipsen, Harold blog:
https://goo.gl/uFSWRR
Before proceeding with a cleanup cycle, one should first
make sure the furnace can withstand the average cleanup
temperatures, especially if the furnace is older or has been
out of production for some time. This is because a vacuum
furnace must normally be taken higher in temperature and
soaked long enough to reach a steady-state heat loss
condition. The cleanup temperature is typically 100 degrees
higher (°F) – or 38 degrees higher (°C) – than the maximum
operating temperature attained during a normal process
cycle, but should not exceed the maximum allowable
furnace temperature. It is recommended that average cleanup
temperatures should not exceed 2,200 °F (1,204 °C).

View a how-to video on finding leaks in your
vacuum furnace with a helium mass spectrometer at
The Ipsen, Harold blog:
https://goo.gl/9Jc05X
Common Leak Problem Areas
When looking for leaks in the chamber, check the joints or
fittings with a rotating or reciprocating movement. These are
the most susceptible to leaking. The door gasket is the most
abused seal in the chamber; as a result, one should inspect it
after each cycle and lubricate it daily.
The heating elements and shields should also be observed
daily for signs of abnormal discoloration, which can indicate
contamination. If parts of the hot zone begin to show signs
of unusual discoloration, a leak check and/or furnace
cleanup cycle may be required as a first step in
troubleshooting the furnace and locating the source of the
contamination. It is imperative that you identify and correct
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Figure 3 – Alloys left behind during a cleanup cycle melted onto
the hot zone’s heating elements.

It is also vital that all low-temperature alloys – e.g., fixtures,
grids and baskets – are removed before running a hightemperature cleanup cycle (Figure 3). If you are running a
high-temperature cleanup cycle and realize you melted some
lower temperature alloys, you should immediately stop the
cycle, let the furnace high-vacuum cool and then wait several
hours so it can reach 300 °F (149 °C) or less before checking

the furnace. This allows the melted alloy to solidify before
you attempt to remove it. It is also important to note that
using a forced cool could blow the heated alloy throughout
the furnace.

The Value of Spare Parts Kits
Whether your equipment is down for routine
maintenance or an unexpected mishap, being
prepared saves you valuable time. Having critical
parts and consumables on hand can often mean the
difference between success or disaster.
At Ipsen, we keep an extensive parts inventory on
hand and have a dedicated Parts Team that is
committed to helping you keep your equipment up
and running. For immediate support, call an Ipsen
parts expert: 1-844-Go-Ipsen (option #2).
We’ve also found over the years that customers
with spare parts on hand can save several days, and
sometimes even weeks, of downtime. As such, we
recommend keeping parts kits that contain oftenneeded parts and consumables on hand so you can
keep your furnace running smoothly.
We offer a range of parts kits, from ones that
provide only the essential parts and consumables to
ones that contain a wide array of parts and
consumables for both operating and preventative
maintenance. We can also create customized kits
based on your throughput, furnace type, process
varieties and so on. These parts kits can be tailored
to meet your operational needs, as well as help you
keep up with critical preventative maintenance
throughout the life span of your heat-treating
system: www.IpsenUSA.com/Parts
Prevent Arcing
On a weekly basis, verify by hand the tightness of the heating
element connecting hardware located inside the furnace.
You should do this once a week for the first month of
operation, after which the elements tend to mate and require
tightening on a less frequent basis. The furnace should also
be de-energized before you perform any hand tightening.
When parts become loose, they can cause arcing, which
burns away the hot zone’s insulation, affects the overall
quality of the heating elements and can lead to discoloration.
Hand tightening is the recommended method to avoid overtightening and breaking of graphite heating elements.
Whereas, moly elements are not as fragile and can be nut and
bolted.
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Hot Zone Replacement:
Knowing When It’s Time
While preventative maintenance can help extend the life of
your hot zone, it may be time to consider replacing it when
it no longer operates near peak performance. Depending on
the process and part cleanliness, hot zones can last for
several years or may need to be replaced more frequently.
Several factors that affect the life span of a hot zone include:
1.
2.
3.

4.
5.

Leaks – oxygen in the furnace can discolor or
oxidize the parts and cause the hot zone to degrade
faster
Cleanliness – contamination in the furnace can
cause part discoloration and hot zone degradation
Pressure – high-pressure gas quenching, by nature,
creates a turbulent atmosphere in the furnace;
therefore, the higher the pressure and larger the gas
turbine cooling motor, the greater potential for wear
and tear
Temperature – operating the furnace at or near its
maximum operating temperature may cause
accelerated wear on the hot zone
Total operating time – the more cycles the furnace
runs, the more frequently the hot zone will need
maintenance

Choosing the Best Hot Zone:
Three Questions Every Furnace User
Should Ask
When it comes to graphite and all-metal hot zones, a
number of questions can arise about the best hot zone
for different processes, materials and industries.
After all, each type of hot zone has its own unique
designs and advantages.
This blog post identifies three basic questions that
can help users choose the best hot zone for their heattreating system: https://goo.gl/5bG2qB
So when is it time to replace your hot zone?
One can determine if it is time or not by checking the heating
elements for signs of pitting and excessive deterioration;
inspecting the hearth rails for distortion and overall wear;
and looking for evidence of the insulation breaking down,
warping, becoming brittle or wearing down to the point the
insulating values have been compromise. In addition, if you
can see the plenum or frame wall from inside the furnace,
there is a high probability significant heat is being radiated
to the frame and causing permanent damage. Signs of arcing,

cracking and degradation of the hot zone are also indicators
that it’s time for a replacement.
Certain factors during your process cycle can also serve as
warning signs of a degrading hot zone, including loss of
temperature uniformity, extended cycle times, more energy
consumption (i.e., electricity) and constant discoloration of
the parts or hot zone.

Know Your Options: Maintenance,
Replacements, Retrofits and More
Whether you need someone to perform
maintenance, or are looking to replace or retrofit
your hot zone or controls system, our ICS (Ipsen
Customer Service) Team will work with you to
determine the best fit for your process, parts and
budget. We not only work with existing Ipsen
furnaces, but also any brand of vacuum or
atmosphere furnace.
Need something that’s a little out-of-the-box?
Ipsen’s nearly 70 years of experience means our
ICS Team is well equipped to handle whatever
challenge you throw our way – from large, special
projects to assistance with plant layout
optimization, material handling systems and much
more.

software, data storage and monitoring systems. These
features offer the intelligent, superior control needed to
achieve peak performance from heat-treating systems, both
new and old. Replacing obsolete components not only
improves the operation – and thus life span – of your
equipment, but it also makes it more intuitive and safer to
operate.

Conclusion
It is essential to know how to protect your investment,
especially when working with expensive equipment in a
highly competitive business world. By understanding how to
implement and perform the essential basics of furnace
maintenance and upkeep, you can begin to extend the life of
your equipment while also minimizing the cost to your
company. In the end, with the proper utilization of
corrective, preventative and predictive maintenance, one can
begin to generate higher uptime percentages, reduce
unplanned downtime situations and yield greater shop
throughput.

Resources
1.

Learn more about the comprehensive aftermarket
services offered: www.IpsenUSA.com/ICS

How Controls Impact Your Equipment
Beyond employing a PM program to keep equipment in peak
condition, revitalizing your older equipment with a controls
upgrade also goes a long way toward increasing its
capabilities and overall flexibility. This in turn helps one
better measure and analyze the equipment and processes
with ease, which contributes to it operating longer and more
efficiently.
One example of the benefits of an upgrade to an older system
is that many older vacuum furnaces require a manual
adjustment of the heating elements via trim pots. With a
controls upgrade, one can monitor and adjust the heating
elements through the industrial computer’s graphical
interface. By eliminating the need for manual adjustments,
you rely on the PLC, thus eliminating the potential for
human error.
When it comes to advanced controls technology, there are
many options to consider, including instrumentation,
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2.

www.IpsenHarold.com
a.

Using a Helium Mass Spectrometer:
https://goo.gl/9Jc05X

b.

Cleanup Cycle:
https://goo.gl/uFSWRR

c.

Choosing the Best Hot Zone:
https://goo.gl/5bG2qB

www.IpsenUSA.com
a.

Preventative Maintenance Plan:
www.IpsenUSA.com/Field-Service

b.

Predictive Maintenance Software:
www.IpsenUSA.com/PdMetrics

c.

Preventative Maintenance Checklists:
https://goo.gl/uiwZ2d

d.

Spare Parts Kits:
www.IpsenUSA.com/Parts

e.

Aftermarket Support and Services:
www.IpsenUSA.com/ICS

3.

www.IpsenUSA.com/Ask-An-Expert

4.

www.IpsenUSA.com/Helpline:
(1-844-Go-Ipsen)

