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Important Considerations When Selecting A Vacuum Furnace

There are many factors that should be considered when investing in a new vacuum 
heat treating furnace. Although price is obviously a serious concern, there are many 
other technical and design considerations that should be evaluated prior to making 
a final determination as to the best equipment for the heat treating requirements.

This document has been prepared by Solar Manufacturing to provide a prospective 
buyer with specific, detailed information on what should be evaluated before a 
final decision is concluded. Foremost among considerations is that the furnace 
equipment should be evaluated on the kinds of processes that are intended to be 
run in the furnace and their desired metallurgical properties.

A)	 HOT ZONE EFFECTIVE WORK AREA AND WEIGHT CAPACITY

	 1)	  �Effective Work Area - The effective work area should be selected based on 
the maximum part or load size to be processed. Do not purchase a larger 
furnace than required as operating costs will escalate resulting in costlier 
economics on the investment. Also, remember that with a circular hot zone, 
wider or taller parts can be accommodated.

	 2) 	� Hearth Weight Capacity - Normally, the weight capacity of a furnace is 
specified based on maximum projected load weights that can be processed 
for a given work zone size and at a specific operating temperature. It is 
important that maximum load weight capacity at a particular elevated 
temperature should be considered to ensure proper furnace hearth design.
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B)	 TEMPERATURE CONSIDERATIONS 

	 1) 	� Maximum Temperature – Most manufacturers rate their furnaces to operate 
up to 24000F. Solar Manufacturing generally designs their furnaces with the 
capability to operate up to 25000F minimum. This is important for clean-up 
cycles (also known as bakeouts) which help ensure long term operation of 
the hot zone. Also, if a higher temperature requirement is necessary for a 
special process, hot zones rated at up to 30000F are available.

	 2) 	� Temperature Uniformity – It is important to state complete operating 
uniformity across the furnace operating range as there could be applications 
for the lower ranges. Solar Manufacturing states the following for our 
furnaces:  
a) +/- 200F, 300-5990F, Conforms to the latest revision AMS 2750, Class 4 	
b) +/- 150F, 600-9990F, Conforms to the latest revision AMS 2750, Class 3 	
c) +/- 100F, 1000-21000F, Conforms to the latest revision AMS 2750, Class 2

	 3) 	� Hot zone temperature uniformity is obviously dictated by insulation design 
and required openings necessary for various hot zone components and gas 
flow patterns. Some hot zone designs have difficulty meeting uniformity 
due to excessive gaps, openings (especially on rear gas exit ports) or partial 
pressure requirements.

		�  Also, because of the inconsistency of the heat losses from the front to 
the back of a hot zone, in most cases, it is essential to have a minimum of 
three zones of heating for proper trimming and adjustable power input. In 
addition to three zones of power trimming, Solar Manufacturing digital trim 
technology allows power trimming capabilities with temperature ranges 
of each zone. This feature greatly enhances the temperature uniformity 
capability of the entire work zone across a broad temperature range.

C)	 HOT ZONE CONSTRUCTION

	 1)	� Insulation – Based on power loss studies for various insulation combinations, 
Solar Manufacturing has determined that the most efficient insulation 
package will consist of a hot face of either Flexshield or CFC backed by 4 
layers of ½” high purity rayon-based graphite felt insulation all housed in a 
0.105” thick 304 Stainless Steel Support Structure.  
Some furnace manufacturers use Carbon Steel instead of Stainless Steel 
for their support structure which we have found, from many years of 
experience, will eventually lose its shape and become severely oxidized 
and cause moisture absorption within the furnace especially during 
humid summer operation. It is also important to further emphasize Solar 
Manufacturing uses only Rayon-based graphite felt and not inferior PAN 
graphite felt. The PAN felt is not as thermally efficient causing higher 
power costs, is more hygroscopic, thereby, causing deteriorating vacuum 
performance potentially contaminating parts, and it easily breaks up 
causing discomfort to any individual who needs to work with it.
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		�  Note: For certain applications, especially for long process cycles at elevated 
temperatures, an additional layer(s) of graphite felt insulation or foil sheet/
board could be recommended to further minimize hot zone heat losses and 
reduce power consumption.

	 2)	� Heating Elements – Solar Manufacturing uses fine grain, high purity graphite 
segments for both original and replacement heating elements. Just as 
important as the type of graphite material specified, all of our heating 
elements are resistance balanced and matched to the power requirements 
to minimize the potential temperature uniformity problems. If molybdenum 
heating elements are selected, Solar Manufacturing’s molybdenum heating 
element design is supported to minimize sagging and includes compensation 
plates at element junctions to prevent overheating. 
Some other designs use bar elements that have been rough sawn from a 
solid graphite block resulting in non-uniform thicknesses. Also, often they 
include a sharp bend or angle which could cause a stress point due to thermal 
expansion and contraction. Solar uses Lanthanated heating elements for 
improved creep resistance and ductility compared to pure moly.

	 3)	� Work Support Rails – These normally consist of heavy-duty graphite or 
Molybdenum rails supported by graphite or Molybdenum vertical members. 
If the rails are graphite, the rails are provided with a shallow machined 
slot cut along the top of the rail to allow for Molybdenum rods inserts to 
minimize the possibility of load contact reactions (eutectics). Also, adequate 
clearance is provided under and between the hearth rails to allow for forks 
to be inserted for load truck operation. 
�Other manufactures may have a lighter load rating at elevated 
temperatures compared to Solar Manufacturing’s design. Solar 
Manufacturing’s robust hearth design allows for high load capacities at 
elevated temperatures. Solar uses TZM moly for vertical hearth posts and 
rails for improved strength and creep resistance compared to pure moly.

	 4)	� Heating Element Insulators – Solar Manufacturing uses a U.S. Patented 
design with excellent and proven electrical isolating results. Insulators are 
protected from contaminating metallic vapors.  
Some other manufacturers use Molybdenum covers to protect the 
insulators. Our experience tells us that at elevated temperatures, this 
design will cause Molybdenum vaporization resulting in serious insulator 
metallization and short circuit problems. Other manufacturers’ designs 
may result in cracked ceramics in the power feedthrough locations of the 
hot zone. Solar Manufacturing’s design minimizes this failure and, in some 
cases, will eliminate it.

	 5)	� Heating Element Indicators – Solar Manufacturing provides front panel 
mounted digital ammeters and voltmeters for each heating zone of the hot 
zone. This allows for simple and easy visualization of power in each of the 
heating zones and determination of the heating element circuit health.  
Some competitors do not provide these important indicators.
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	 6)	� Ground Light Indicators – Solar Manufacturing provides these indicators 
for simple service checking of elements and electrical hot zone insulators. 
Solar Manufacturing offers alarms for short or open circuits of the heating 
elements in each zone. In addition, real-time heating element electrical 
resistance to ground potential is also displayed and will alarm if a lower 
threshold is exceeded.

D)	 VACUUM PERFORMANCE FOR VACUUM FURNACES

	 The values and times stated below should be required and used for the basis of 
establishing furnace performance:

	 1)	� Ultimate Vacuum – For a diffusion pumped furnace – ultimate vacuum will 
be in the 10-6 Torr range. For furnaces using only mechanical pump/blower 
only combinations, ultimate vacuum will be 20 Microns Hg or better.

	 2)	� Operating Vacuum – With a diffusion pump, operating vacuum will be 10-5 
Torr range. Without a diffusion pump, operating vacuum will be in the 50-60 
Micron Hg range or better.  
Other furnace manufacturers may state higher operating ranges.

	 3)	� Pump-down Time to high vacuum cross-over – approximately 10 minutes.

	 4)	� Pump-down Time to 1 x 10-4 Torr – approximately 15 Minutes. Some 
competitors do not specify pump-down time.

	 5)	� Furnace Leak Rate – less than 5 Microns per hour. It is most important that 
the leak rate on any furnace be specified and guaranteed for proper and 
clean operation.
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E)	 VACUUM SYSTEM COMPONENTS

	 1)	� Mechanical Pump – Although there are several available manufacturers, 
Solar Manufacturing highly recommends oil sealed rotary Mechanical 
Pumps. This is primarily because of their rugged design and much larger 
oil reservoir on the pump. The larger reservoir greatly improves operation 
during hot and humid days where water vapor is of great concern and must 
be removed from the hot zone via the mechanical pump.  
Other pump designs may not perform as well under these conditions.

	 2)	� Vacuum Blower Pump – Again, we recommend the rotary lobe design for its 
rugged and proven reliability. Also known as a booster pump.

	 3)	� Diffusion Pump – We recommend and prefer to use Agilent (formerly 
Varian) diffusion pumps. Agilent has been the industry standard for many 
years and are highly respected for their reliability and performance. We 
ensure the diffusion pump is adequately sized for furnace size and process 
application.

	 4)	� Main Vacuum Valve – Also known as the high vacuum valve. Solar 
Manufacturing provides a pneumatically operated right-angle, poppet valve 
which is adequately sized for the diffusion pump.

	 5)	� Vacuum Roughing Port – Solar Manufacturing provides direct pumping from 
the chamber. Although this means an extra port on the furnace chamber, it 
provides direct pumping access without pumping through the high vacuum 
valve. Pumping through the high vacuum valve can lead to contaminates 
from parts or hot zone collecting in the main valve area and may lead to 
high vacuum valve leaks.
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F)	  FURNACE VACUUM VESSEL DESIGN

	 1)	� Basic Construction – The Vacuum Vessel, or Chamber, is designed to the 
ASME Boiler & Pressure Vessel Code (BPVC), Section 8, Division 1 for any 
chamber intended to operate over 2 bar pressure and fabricated using 
A36 Grade Steel or 300 series Stainless Steel depending on the application 
requirements. All of our vacuum vessels are double walled allowing for 
proper water circulation throughout the main structure and heads with 
oversized inlet and outlet water connections. They are designed to operate 
in deep vacuum and safely quench at positive pressures (up to 20 bar). If a 
carbon steel chamber is selected, Solar Manufacturing will paint the inside 
chamber wall with a specialty paint to replicate the advantages of a Stainless 
Steel chamber. The benefits include improved vacuum performance, 
improved thermal efficiency, and a more easily cleaned surface due to 
contaminates not adhering to the surface as easily as compared to a carbon 
steel surface.

	 2)	� Chamber Door Design – Solar Manufacturing uses an autoclave-type, 
rotating locking ring door closure design with a standard O-ring of Buna-N. 
The rotating locking ring is pneumatically operated when the furnace 
operator actuates the door switch. This enables the operator to observe the 
opening/closing movement of the door. Solar Manufacturing also includes a 
detent at 45° for the chamber door to remain partially open for a number of 
services that do not require full open of the door, such as a quick cleaning of 
the o-ring and flanges or last-minute change to the work thermocouple jack 
panel. 
In addition, one competitor's design uses a rotating door seal which could 
be subject to dirt collection and seal failure. This design is very difficult to 
replace the seal after a failure.

G)	 GAS COOLING SYSTEM 

	 1)	� External vs Internal – Solar Manufacturing designs and builds both external 
and internal cooling systems. There are advantages and disadvantages 
of each design. The components of the external cooling system, heat 
exchanger, fan, and drive motor, are all housed in a separate enclosure, 
external to the vacuum vessel. This external design provides easier access to 
these components; however, the separate enclosure does require additional 
floor space. The external design also allows the option to isolate this cooling 
system when not in use for improved vacuum performance. The internal 
cooling system design houses these same components within, or internal to, 
the vacuum vessel. The heat exchanger, fan, and drive motor are situated 
behind the hot zone assembly accessible after removal of the hot zone, or 
the rear mounted, water jacketed, flanged bell housing. This configuration 
reduces the overall footprint of the vacuum furnace and eliminates the need 
for a rotating shaft seal on an externally mounted drive motor.  
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Solar Manufacturing specifies a standard model drive motor for all its gas 
cooling motors. Rotating shaft seals are subject to early failure and very 
difficult to replace after failure. 

	 2)	� Gas Cooling Transformer – In compliance with NFPA 86D, Solar 
Manufacturing uses a 2:1 step-down transformer (460V to 230V) to 
eliminate the possibility of arcing when an enclosed quench motor rated at 
230 Volt is exposed to an Argon gas atmosphere during cooling.

	 3)	� Gas Nozzles – Solar Manufacturing uses machined, internally tapered 
graphite nozzles throughout the hot zone and front door. These very rugged 
nozzles are tapered to accelerate gas flow and optimize the gas pattern 
during cooling. The nozzles are threaded to make them easier to remove in 
the event one should need to be replaced.

H)	 POWER SUPPLY

	 1)	� Hot Zone Power Supply – Solar Manufacturing normally uses an SCR-type 
dry power supply with digital trim controls. Solar Manufacturing sizes their 
power supply to ensure there is more than enough power to heat the load 
at the reasonably programmed rate. 
Competitors often will utilize a water cooled VRT-type power supply. 
Although both systems perform satisfactorily for given applications, the 
dry system eliminates the possibility of water contamination and any 
resulting flow problems within the power transformer. 
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I)	 ELECTRICALS AND CONTROLS

	 1)	� Control Cabinet – Solar Manufacturing houses all electrical controls 
and instruments in one, standard NEMA-rated enclosure. The Cabinet 
meets NFPA 70 Standards and includes a main electrical switch interlock. 
Depending upon the operating condition requirements, all control cabinets 
are properly ventilated or air conditioned.  
Competitive designs will often split the controls into various smaller 
cabinets thus making it more difficult to maintain, coordinate operation, 
and perform troubleshooting.

	 2)	� Automation and Controls – We offer our latest SolarVac® Polaris and 
Essentials control systems which have been developed to further expand 
and simplify the operation and capabilities of our vacuum furnaces. 
SolarVac® automation and controls enable the operator to program, 
control, monitor, record, and display information graphically to quickly 
understand the status of the furnace. All SolarVac® control systems consist 
of an industrial PC with a color touchscreen Operator interface utilizing 
supervisory-level HMI software; an Allen-Bradley PLC; a digital temperature 
controller and over temperature controller; a digital paperless graphic 
recorder with color touchscreen display; and a vacuum gauge controller; all 
housed within one cabinet.  
Competitive designs provide similar equipment but usually use Siemens 
PLCs which we have found to be much more difficult to program and 
modify. Competitive systems also often do not include Auto Tuning 
capability or PID down-load features which are very desirable for broad 
range temperature control.
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	 3)	� Energy Conservation – Solar Manufacturing’s Conservac® technology will 
automatically reduce the power to the diffusion pump and vacuum booster 
at times where they are not required to be running at full power. In addition, 
the gas blower motor can automatically be reduced in power to run at 
a lower speed or programmed to automatically turn off when no longer 
needed.  
Other manufacturers may not have these features and will cost more in 
your electric power consumption.

	 4)	� Thermocouples – Solar Manufacturing has standardized on Type “S” 
thermocouples for Control and Over Temperature. For work temperature 
monitoring and temperature uniformity surveys, Type “K” work 
thermocouples with compensation, an internally-mounted high-temp jack 
panel, and an external control panel-mounted jack panel are usually included.

J)	 OTHER CRITICAL AREAS 

	 1)	� Partial Pressure Operation – Proper control of partial pressure is most 
important on many process cycles. Our furnaces are designed for Auto-
Control from 100 Microns Hg to 10 Torr.  
Competitive equipment often limits partial pressure control to 1 Torr. 
It should be noted that control above 1 Torr is important on processes 
where it is desirable to reduce sublimation of metals such as copper and 
chrome at elevated process temperatures.

	 2)	� Water Cooling Requirements – Furnace equipment specifications should 
state the required rates of water flow required during heating and cooling 
segments of a cycle. Pressure regulators should be included on critical 
cooling components. Also, Water Flow Sight Indicators can be optioned from 
Solar on all critical lines.

	 3)	� Short Circuit Current Rating (SCCR) – It is important that the furnace be 
designed and rated to accept possible short-circuit current plant conditions. 

		�  As a cost saving benefit, Solar Manufacturing furnaces comply to SCCR as 
defined in National Electrical Code NFPA70. Other furnace manufacturers 
may use materials that have a low individual SCCR or have not been tested 
and approved with coordinated protection devices to raise the SCCR of their 
Control Panels. This means the customer will have to go through the costly 
and time-consuming process of installing current limiting devices within 
their facility to reduce the Available Fault Current to a level low enough to 
connect to the furnace Control Panel to satisfy NFPA70. 

		�  The SCCR marking of other furnace manufacturers’ panels can be as 
low as 5K Amps whereas the rating of a Solar Manufacturing furnace is 
typically 65K Amps. Installation of electrical equipment that has a short 
circuit current rating (SCCR) lower than the available fault current of the 
electrical service is both a safety hazard and a violation of the National 
Electrical Code.
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	 4)	 SAFETY, ALARM, AND INTERLOCK FEATURES - 

		�  Protective shields and guards will be provided on the rotating mechanisms, 
pinch points, and electrical hazards for personnel safety.

		�  All furnace components requiring movement or removal for occasional 
maintenance or replacement will be equipped with safe lifting attach points 
(i.e., lift lugs, eye bolts, hoist rings).

		�  Proper signage, placards, and labeling will be provided to alert operators or 
maintenance personnel of potential hazards that could cause injury.

		�  All rails and floor tracks provided for work handling equipment will be 
provided with mechanical stops at each extreme of travel to physically 
prevent over travel.

		�  To avoid damage to the furnace system, the electrical control system 
incorporates a sequencing protection feature in its design.

		�  In the event of a power failure, all vacuum valves will close, and all pumps 
and motors will de-energize; thereby, protecting the hot zone and the 
workload from damage.

		�  Should loss of cooling water occur, the hot zone and diffusion pump will be 
automatically de-energized. 

		�  The Furnace System will conform to National Fire Protection Association 
(NFPA) Standards 70, 79, and 86D Specifications.

 		�  The electrical control cabinet will be provided with an emergency stop panic 
button.

		�  All essential alarms and safety interlocks for safe operation will be included 
in the control circuitry. Visual alarms will be provided to indicate failure or 
malfunction of critical operations. The audible alarm will include a silencing 
circuit. Failure of critical operations will require manual resetting before the 
operation can resume.

		�  All components within the furnace system that require cooling water will be 
equipped with safety alarm devices on the temperature, pressure, and flow 
volume of the cooling water.

		�  When the diffusion pump oil is over the set temperature, it will stop heating 
and alarm automatically.

		�  The furnace will be equipped with a mechanical safety pressure relief valve. 
If the pressure inside the furnace exceeds a pre-set limit, the valve will 
release the pressure.
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		�  Pneumatic and electrical circuits will be fully interlocked to prevent 
inadvertent motion.

		�  Solar Manufacturing’s roughing pump circuit is equipped with rotation 
sensors that will alarm if the belts of the roughing pump break during use. 
In addition, the alarm condition will de-energize the pump motor and isolate 
the vacuum pumping system from the furnace chamber. 

		�  Other manufacturers may not provide this safety feature. Without the 
protection of this feature, if the belts were to break, the pump motor 
would continue to run without any indication or audible alarm, no means to 
de-energize the motor, and no prevention of the aspiration of air back into 
the furnace and the potential for the back streaming of pump oil.

		�  Our roughing pump is also equipped with an inert gas roughing line vacuum 
release and gas ballast rather than air. In some failure circumstances, 
the inert gas is the proper method to gas ballast and vacuum release the 
roughing line to not risk contamination of the hot zone or parts being 
processed in the future or mix air with hydrogen.

K)	  KEEPING MAINTENANCE TECHNICIANS IN MIND!

	 1.	� Solar Manufacturing’s engineers have made the installation and removal of 
larger hot zones a little easier with our improved “roll in” design. The roll 
in design incorporates a series of wheel assemblies mounted on the ring 
assembly. Once the power and other connections are removed, the hot zone 
ring is easily installed by pushing in or removed by pulling out the hot zone 
assembly inside the chamber for ease of maneuverability. 
Other manufacturers’ designs may have their hot zone rings assemblies 
hanging or resting on rails which can be difficult to remove and require 
extra force.

	 2.	� Solar Manufacturing generally locates junction boxes, shut off valves, and 
other components that may need to be accessed for troubleshooting at 
convenient locations that are easily accessible.  
Other Manufacturers may place junction boxes and other components at 
inconvenient locations that are difficult to access making troubleshooting 
more challenging and time consuming.
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Conclusion 

This booklet provides a prospective vacuum furnace buyer with important 
considerations when investing in their own furnace. It covers the major components 
of the vacuum furnace and how Solar Manufacturing has the forethought of 
the end user when designing and building a vacuum furnace for your thermal 
processing needs. Although the initial cost is always a major consideration, the 
examples outlined in this booklet illustrate the criticality of the evaluation of the 
initial investment and how it can pay dividends in long term use.
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