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Company In Focus • Flowdrill
Since 1980, Flowdrill has maintained a
commitment to providing customers an
overall cost savings alternative to current
fastening methods by offering the highest
quality thermal drilling products on the
market in conjunction with unmatched
customer service and support at a
competitive market price.
In fact, the company’s process is so
refined, it speaks for itself. To show any
prospect how the Flowdrill process will
work for their specific, they must simply
provide the sample material to Flowdrill.
Flowdrill will thenl complete these
samples per instructions at no charge to
the customer.
A Recognized Leader

Flowdrill is known world-wide as the
leader in the thermal drilling industry,
offering a complete range of sizes to
include standard, metric, NPT with
bit sizes from .060” diameter through
2.500” diameters. They maintain a large
inventory in order to ship most items
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immediately to the customer, as well as
offer close customer service and technical
support throughout the life of the project.
The company has been recognized in
several publications by industry leaders
in various sectors including Automotive,
HVAC, Metal furniture, Agricultural,
etc. for providing a high quality, cost
saving alternative to their past fastening
processes.

Flowdrill is currently distributed in over
40 countries around the world, bringing
the Flowdrill process to all industries
both large and small. From the very
largest automotive manufacturer to the
smallest, single individual shop, both
will receive the same benefits from the
Flowdrill process.
Optimistic about the future.

As they continue to reach new
customers-- as well as provide problem
solving skills to existing customers,
Flowdrill has seen several clients return
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from overseas facilities and re-establish
the production here in the USA. By
working closely with customers, they
strive to continue developing alternative
production methods that allow for this to
continue into the future.
The need for automated equipment is
growing at a rapid pace. Even the small
shops typically invest in some type of
automation. By recently joining forces
with Cullman Automation, Flowdrill is
providing customers with a complete
turn-key piece of equipment. Developing
a working relationship with Cullman
over that past several years, they have
developed an automated work cell
specific to the Flowdrill process.
“The relationship between Flowdrill,
Inc. and Cullman Automation,” according
to Flowdrill president Mitch Ray,”
was created in order to provide our
customers with everything they need
to successfully complete the Flowdrill
process…..the complete thermal drilling
package.”

Company In Focus • Cullman Automation
Founded in April 2000, Cullman
Automation, Inc. is dedicated to helping
customers increase productivity, produce
higher quality products, and increase
profits by solving problem areas in the
production process. These problems
may be quality related, ergonomic
problems or excessive personnel in the
manufacturing process.
To accomplish this, Cullman Automation
uses state-of-the-art control methods,
innovative designs, and a commitment to
build only low maintenance heavy-duty
machinery, such as custom automated
Flowdrill and Flowtap machinery.
Flowdrill spindles and heavy duty slide
assemblies were designedby Cullman
Automation especially for Flowdrill/
Flowtap applications, but work well for
heavy drilling applications. Initially they
were only used in custom Flowdrill/
Flowtap machines produced by Cullman.
As they grew in popularity throughout
the industry, other design/build
companies purchased these spindles,
along with our heavy-duty slides and
control packages, for use on their
projects.

Feed options for the HD Slides include:
air feed, servo-motor and ball screw feed,
or servo hydraulic feed. We also offer a
complete control package for all of the
above including programming.
Customers Rely on Cullman because they
know every member of their team has a
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solid background in manufacturing, with
years of training and experience in all
types of motion control utilizing servomotor, servo-hydraulics and air systems.
Before joining the team, the current shop
supervisor had over 20 years experience
as a lead machinist in the aerospace
industry. And he’s still a beginner in the
eyes of the Chief Engineer, with over 40
years’ experience in machine design and
programming.
Cullman made a name for themselves
with the development of the CAI-2000
series Flowdrill spindles. Later they
added thru-the-spindle coolant to
the CAI-2000 spindles for high speed
carbide drilling applications. Cullman
incorporated new, low cost, vector
drive ball screw feed system for the
CAI-2000 spindle/slide assemblies.
Throughout its14 year history Cullman
has been recognized in several industrial
publications for achievements in
innovation and Flowdrill applications.
Company founder Keith DeMonia is
responsible for development of a servohydraulic feed system used to Flowdrill
2.625” dia. holes. This is to-date the
largest Flowdrill bit ever made.

CAI is a growing company adding
personnel every year for the last 4 years.
2014 will be no exception. The company
looks forward to adding at least 2 more
technical positions this year along with
more equipment. Its 5-year plan is to
work with the local community to build
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a new plant in the new industrial park
located approximately 3 miles from
the company’s current location. The
property will offer the ability to expand
for years to come.

The business climate in industrial
manufacturing is constantly changing.
With every change comes opportunity.
For several years, the trend within
American industry has been to move
labor-intensive manufacturing to other
countries in an effort to increase profits.
At CAI, they feel they have a unique
ability to offer automated machinery
to reduce cost without expensive
relocation.

“Cullman Automation, Inc. is dedicated
to helping our customers increase
productivity, produce higher quality
products, and increase profits by solving
problem areas in production lines.
These problems may be quality related,
ergonomic problems, process issues,
higher production quantities needed or
excessive personnel in the manufacturing
process,” says Cullman Automation
president Keith DeMonia.
“We achieve this by designing and
building custom machinery and
equipment tailored for our customers’
specific needs. We utilize state-of-the-art
control methods and innovative design
techniques along with a commitment to
build only low maintenance, heavy-duty
machinery.”
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CAD/CAM Software and High Speed Machining
By Chris R Corbell  
What is CAD/CAM Software?
Computer Aided Design. In reference to
software, it is the means of designing
and creating geometry and models that
can be used in the process of product
manufacturing. Computer Aided Manufacturing. In reference to software, it is
the means of processing a designed part
model, creating machine toolpath for
its various components and creating an
NC program that is then sent to a CNC
Machine tool to be made. The CAD and
the CAM are integrated into one system. CAD/CAM software is also highly
referred to as CNC Software as well. The
heavily searched term, “CNC Software”
will also include pc-based cnc controller
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software as well. This is where you can
turn your computer into a controller for
your machine that supports up to 6 axis
programs. An excellent example of this is
Mach 3 controller software provided by
ArtSoft.
The purpose of CAD/CAM is to automate
and streamline CNC programming allow
innovators, designers and CNC businesses to manufacture products, bringing
them to market faster and more profitably than ever before. It is the concept
of producing goods Faster... Smarter &
Easier.
Traditional Offset versus High Speed
Toolpaths

The term, “Toolpath” is used to visually
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display and describe the route in which
the CAM side of the software tells the
cutting tool to machine the geometric regions of the part model. It’s the path that
the tool takes when machining. Toolpath
is going to be basically being defined
by the part or areas that the user has
chosen to machine, the size of the tool
being used, the cutting regions for those
tools and the type of machining strategy
that is used. That is toolpath whether it’s for a mill, router, laser, burning
machine, waterjet or cnc lathe. There is
a lot of other data that is included in the
creation of a NC Program that has to do
with post processing parameters such as
speeds and feed rates based on strategy,
material and tool data and more. Machine
controllers can be different in how they
want to see the g-code for the program to
be read properly by the controller. That is

A New and EZ way to Change Oil!
Regular oil changes are an important part of equipment maintenance— but draining the oil can be
very messy, and if you’re not careful, you might cross thread the drain hole when reinstalling the plug.
Take the pain out of the drain by using the EZ Oil Drain Valve!
The EZ Oil Drain Valve simply replaces your stock oil drain plug for fast, clean and easy oil changes. No
need for tools — just lift and turn the lever of this nickel-plated brass ball valve to drain oil, and then
return the lever to its original locked position when finished.
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Global Sales Group
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toolpath.

More than one toolpath is typically
used to perform machining operations.
Generally this will be a “Roughing” and a
“Finishing” operation. Roughing is generally the first stage of machining.
This is where multiple step downs by the
tool, remove the bulk of the material.

The second operation will be the finishing operation to complete the machining
phase. There is also “Semi-Finishing”.
An example of this would be the use of
a Z-Level Roughing operation to remove
the bulk of the material. Then a Z-Level
Finishing operation to “semi-finish” the
part and lastly a “Equi-Distant Offset
contour” operation to finish the part
off. By employing the use of High Speed
toolpaths into your machining operations
you can achieve excellent results faster
than by using traditional offset toolpaths.
Even in the world of 3D machining.
BobCAD-CAM software offers a unique
Advanced Roughing operation that includes the option to use an Adaptive High
Speed machining technique. This was
specifically added to give the programmer an advantage in roughing out 2D or
3D regions of a part, or the entire part.
Boundaries can be created and used to
segregate the toolpaths into specific regions of the part, deep cavities or regions
that require a smaller tool to machine.
This would not be used to replace a REST
operation. An advanced REST machining
operation would be used as a part of
the finishing process to clean up areas
where the larger tools were unable to
machine. Traditional offset toolpath has
been the most common form of toolpath
in use since the advent of CAM software.
However, as more and more shops begin
to use HSM they are trusting it more,
becoming less criticaland beginning to
enjoy the benefits of it. The goal of using
a trochoidal form of machine path is to
limit the number of collisions that the
cutting edge of the tool has with the material, reducing chip load, better utilize
the cutting tool itself by using more of it
while taking deeper cut depths and all
while at much higher speeds.
There are distinct differences in toolpath
operations, planar, offset and high speed
(HSM).

Planar (1) is the most fundamental of the
three and is basically a back and forth
slice across the material. Options for
this style of toolpath would include the
ability to machine in one direction (zig)
and back and forth (zig-zag). You should
also be able to determine a cut direction
(climb or conventional), determine a
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“Lace Angle” parameter and a step over
for the cutter. Some CAM systems will
allow you to include a side allowance and
a bottom allowance so that material can
be left over for a finish pass. Tool lead-ins
and lead-outs will often times be limited
to a plunge, ramp or a spiral lead-in when
using this type of strategy, each option
definable through input parameters. In
addition, compensation controls can
be available for the finish pass. These
options would include the availability of a
complete tool database/library with tool
crib and tool holder libraries as well as a
complete material database/library. CAM
software is designed to organize these
strategies and associated variables. BobCAD-CAM has developed each machining
operation into “wizards” that step the operator through the procedure so that the
features are organized and no variable is
left behind. This makes the process easy
to understand and get through.
In addition, the CAM software allows for
the overwriting of system tool parameters so that the experienced operator is
not limited. These would include the use,
or not, of system tools, tool height and
offset values, speeds and feed parameters for the operation. These operations
should also allow for the slowing down
of the tool when entering an arc corner
(when not using HSM).

Offset (2) is most common in cnc machining open or closed wall pockets and
slots in a 2D/2.5 Axis (X, Y and Z step
down) program. Very similar to planar,
this type of operation in a CAM system is
going to have the same variable inputs.
The difference is whether you want to
create anoffset IN or an offset OUT. These
concentric offsets will either start outside
working their way toward the center of
the specified cutting area or start in the
center and work their way toward the
outer wall or defined area.
All of these operations in a CAM program
will also include single step or multiple
step options. This is where a total depth
is either automatically calculated based
off of the part model or manually input
by the programmer. A depth of cut is
entered and the CAM program should
automatically calculate the number of
Z-Cuts needed to machine (rough) the
part region.

The offset toolpath will typically have
many right or left turns where there can
be a lot of stop and go occurring with the
tool while machining. The more times
this happens the more wear and tear
there will be on the tool. Often times
this type of toolpath will produce higher
levels of vibration as well and require
spending more money on tooling for jobs
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that have cutter designs that minimize
heat in the cutting zone in order to reduce power consumption as well. Offset
toolpath can lead to higher rates of tool
deflection which can also lead to parts
being cut out of tolerance and poor surface finish results. This means that higher
speeds and feeds often times cannot be
used. While offset toolpath can be very
useful, it is the High Speed toolpath strategies that provide the greatest benefit.
High Speed (3) machine toolpath strategies, also known as “Trochoidal” machining toolpaths open the door to a number
of important benefits.

·

·

·

·

·

The controlled arc of engagement
generates low cutting forces which
enable high axial depths of cut.
Multi-edged tools can be used
which enable high table feeds with
secure tool life. In other words,
deeper cuts can be achieved easily.
The whole cutting edge length can
be utilized ensuring that the heat
and wear are uniform and spread
out, leading to longer tool life.
There is a constant tool engagement, deeper cutting and NO stop
and go.

High Speed toolpaths are excellent
for slotting and pocketing when
vibration is a problem.

Much higher speeds are used
resulting in superior finishes due
to a number of factors (reduced
tool deflection, vibration/chatter
etc.)while machine cycle times are
vastly reduced. Shorter cycle times
on jobs.

Most shops are cutting faster today than
they did ten years ago. Albert Einstein
said it first and best, “All motion is relative.” From that perspective, incremental
improvements in “rate” mean that a shop
is machining at high speeds relative to
what it did previously. Increasing the feed
rate of a ball-nose end mill in tool steel
from 12 to 24 ipm and spindle speed
from 4,000 to 8,000 rpm is a 100 percent
increase in cutting speed and well within
the capability generally found on most
CNC machining centers.
In addition, as the cutter creates a chip,
the heat generated by that action is transferred to the chip. When the chip breaks
and leaves the cutting zone, the heat is
carried away with it. A big advantage of
high speed machining is that at elevated
rates of speed and feed, the chip is cut
and evacuated so fast it tends to transfer
little or no heat to the green workpiece.
In many cases this eliminates the need

for coolant. At conventional machining
speeds, there is time for heat to move
from chip to uncut metal and create a
work-hardening condition.

This increases the force needed to create
a chip, which creates more heat, and
so forth. Coolant mitigates the cycle by
reducing the temperature in the cut zone
and flushing away the chips. However, at
very high rpms, the tool rotation throws
coolant away from the cut zone so without very high pressure or through-thetool piping, it never reaches the cutting
zone. Trapped chips can remain in the
cut, allowing them to be re-cut by the
tool. Therefore, an air blast is very efficient for evacuating chips in high speed
applications.

High speed machining can certainly help
a shop manufacture more accurate parts
with better surface finishes. And often,
because a machine tool and workpiece
setup has to be very rigid for high speed
machining, the results are more consistent workpieces. All of this together
amounting to higher efficiency in CNC
programs, machining and in the end,
increased profitability for a CNC business.
SOME HISTORY...
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Years ago, in the beginning of NC, each
block of data was executed in order, one
at a time. Speeds were sufficiently slow
that this was a workable arrangement,
especially for drilling and 2D linear milling operations. It was when the machine
needed to execute a curve or contour that
the need arose for seeing what kind of
data was ahead in the program. Otherwise machine momentum would cause
the cutter to overshoot or undershoot a
programmed change in cutter direction,
wreaking havoc on the workpiece. That
need lead to the development of lookahead, which is requisite for high speed
machining of any geometry except for
linear, single-axis moves. If your CNC
controller doesn’t have a look-ahead
feature, it needs to be upgraded for high
speed machining. In 2013 there are many
affordable solutions to this such as Mach3
by Artsoft that can help ramp up those
older machines.
Taking The High Speed Route To CNC
Profitability

We really do not see a training book
that specifically addresses high speed
machining and CAD/CAM together. However, CAD/CAM software is an absolute
necessity for the creation of these types
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of machining toolpaths. Without CADCAM software they wouldn’t exist today.
The benefits listed in this paper outline
all of the reasons why shops should take
advantage of this technology. And now,
high speed adaptive roughing strategies
being available through BobCAD-CAM for
Multiaxis cnc machining for the first time,
opens the door for even more complex
cnc work to take advantage of its powerful abilities and profit-building results.
Machine time is money and the reduction
in cycle times that lead to faster turnaround, happier customers, better finish
results, reduced tooling expenses and a
longer life for your cnc machine tool all
equal profit and better business practices.

For more information high speed (HSM)
CAD/CAM machining technology, you
can contact BobCAD-CAM directly at
877-262-2231 or 727-442-3554. You can
also visit them online at http://www.
bobcad.com for a free demo of their latest
cnc software with high speed machining
capabilities.

NFPA70E, Arc Flash & Safe &
Efficient Thermography Practices
By Josh L. White

What is an Arc Flash?
An arc flash is like a bolt of lightning that occurs around energized electrical equipment. It can occur spontaneously and is often triggered simply by the movement of air when an electrical
enclosure is opened. The NFPA has recognized the significant
hazard of arc flash and is attempting to protect workers via the
latest implementation of NFPA 70E-The Standard for Employee
Safety in the Workplace.

About 10-15 serious arc flash incidents occur in the US each day.
Most causes of arc flash are operator induced.
Most technicians who routinely work around energized electrical equipment are familiar with arc flash-having seen it firsthand. It is thought of like a major automobile accident: no one
really expects it to happen to them, so people have a tendency
to drive with significantly less caution than they should. So it
is with arc flash, only worse. Similar to driving you can make a
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mistake, or you can be doing everything right when someone
slams into you.

Specifically, what is an arc
flash?

An arc flash is electric current flowing through an arc outside its
normal path where air becomes the conductor of high thermal
energy (5000ºC %2B) and generates highly-conductive plasma.
An arc flash will conduct all available energy and generate an
explosive volumetric increase of gases which blows electrical
system doors off and potentially generates shrapnel.

What are the causes of Arc
Flash?

An arc flash occurs when the gap between conductors or conductors and ground is momentarily bridged. There is always a
trigger event which almost always involves human intervention.
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Typical causes and contributing factors include:

·
·
·
·
·
·
·
·

Accidental contact with energized parts
Inadequate short circuit ratings

Tracking across insulation surfaces
Tools dropped on energized parts
Wiring errors

Contamination, such as dust on insulating surfaces
Corrosion of equipment parts and contacts
Improper work procedures

An arc flash is electric current flowing in an arc outside its normal path where air becomes the conductor.

The vast majority of arc flash faults occur when the door is open
or being opened. The National Fire Protection Agency (NFPA) is
the author of NFPA 70, also known as the National Electric Code
(NEC). This paper is not intended to provide a comprehensive
review of the information available in the code, but merely to
highlight some of the information that may be related to thermography.
NFPA 70E is the standard for safe electrical work practices.

The NEC is an electrical design, installation and inspection
standard. It does not specifically address topics like electrical
maintenance and safe work practices. A national consensus was
needed for safety while working around live electrical equipment. NFPA 70E is the standard for safe electrical work practices. NFPA 70E addresses four specific topics: safety related
work practices, safety related maintenance requirements, safety
requirements for special equipment and installation safety requirements. NFPA 70 suggests that a Hazard/Risk analysis must
be conducted prior to working on electrical equipment. The
core of the analysis is based on shock and arc flash boundaries
which must be done by a qualified electrical engineer.
Shock Hazards, Flash Hazards and Personal Protective Equipment (PPE) Selection

Prior to beginning work around live electrical components, an
Energized Electrical Work Permit must be obtained and should
include but not be limited to the following:

·
·
·
·
·
·
·
·
·

16

A description of the circuit, the equipment to be worked
on and the location
Justification for why the work must be performed in an
energized condition
Description of the safe work practices to be performed
Results of the Shock Hazard Analysis

Determination of the Shock Protection Boundaries
Results of the Flash Hazard Analysis
The Flash Protection Boundary

Identify the necessary Personal Protective Equipment
(PPE) required to safely perform the assigned task

Means employed to restrict unqualified personnel from
entering the work area

·
·

Evidence of completion of a job briefing

Energized work approval from responsible management,
safety officer and owner

Prior to working with live components, the correct Personal
Protective Equipment and safe working practice must be determined.

NFPA 70E allows for an exemption to the safe work permit for
qualified personnel who are performing tasks such as testing,
troubleshooting, voltage measuring, etc. so long as they utilize
safe work practices and the proper PPE. Prior to working with
live components, the correct personal protective equipment
and safe working practice must be determined by carrying out
a Shock Hazard and a Flash Hazard Analysis. A Shock Hazard
Analysis will determine the voltage to which personnel are
exposed, boundary requirements and the proper PPE necessary
to minimize the possibility of shock to personnel. The shock
protection boundaries are identified as limited, restricted, and
prohibited for the distances associated with various voltages.

Unqualified personnel should be notified and warned of
hazards by qualified personnel when working at or near the
limited approach boundary. When an unqualified person must
work inside the restricted boundary, it is important that they
be further notified of the risks and hazards and continuously
escorted by a qualified person. Under no circumstances should
they be allowed inside the prohibited boundary. It is important
that a Flash Hazard Analysis be conducted in order to protect
personnel from being injured by an arc flash. The analysis will
determine the Flash protection boundary and determine the
proper PPE. In so doing, the Flash protection boundary is calculated at the distance from energized parts where a burn will be
“recoverable” (2nd Degree) and “incurable” (3rd Degree). The
guidelines dictate that the Flash protection boundary for systems that are 600 volts or less be 4’ for clearing times of 6 cycles
(0.1 second) and available bolted fault current of 50kA or any
combination not exceeding 300kA cycles. For all other clearing
times and bolted fault currents, the flash protection boundary
is normally determined based on the calculated incident energy
of an arc fault taking into account system voltage, available current, and clearing time (where incident energy is the measure
of thermal energy at a specific distance from the fault). Where
it is not possible to perform these analyses (or they have not
been performed), NFPA 70 provides guidelines (NFPA 70 Table
130.7-C9a) that can be used to determine the required PPE
based on the task conducted. In lieu of a Flash Hazard study,
selection of PPE by task is normally allowed. However, for tasks
not listed in the table and for clearing times different then those
listed there, a complete Flash Hazard Analysis is required. Using
Flash Hazard Analysis or Task Risk Assessment, the following
table can be used to identify the correct PPE:
Thermography Inspection Practices Infrared cameras have
been used to identify problems in electrical systems for many
years. Problems in electrical systems manifest themselves
by connections and conductors becoming overheated as the
result of increased resistance, the result of loose or corroded
connections, or load imbalances. An infrared camera can readily
identify these problems in a thermal image and is an excellent
method for identifying failing or problem components prior to
a failure. A failure can disable an electrical system and cause
significant lost production, equipment damage and bodily
injury. Insurance companies use infrared electrical inspection
to help determine risk profiles and rates for industrial
customers. More recently, thermographers have found that they
can use IR to prevent and predict failures to help further reduce
down time equipment failure and increase overall safety.
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Often, during thermography inspections, panel covers are removed and subsequently replaced, a method that conflicts with
the requirements of NFPA70E.

Like visible cameras, infrared cameras require a direct-lineof-site view of an object. In most cases surveys are hampered
by cabinet designs that obscure the target components being
inspected and thermographers are put at risk by having to open
cabinets or doors in an attempt to gain access to the internal
components. IR surveys of electrical systems are best conducted when the system is under heavy if not peak electrical load,
which requires the thermographer to perform the inspection
in and around live electrical components. Typically, electrical
system covers are removed during thermography inspections
and subsequently replaced. This working method conflicts with
the requirements of NFPA 70E.

Recommendations of NFPA70E
as they relate to Thermography Inspection

NFPA 70E recommends that only “qualified” personnel be
allowed to perform work inside the flash protection boundary.
Thermographers must be accompanied by “qualified” individuals if they intend to have panel covers removed. Both the thermographer and the additional person should be in full PPE. One
way NFPA 70E determines Hazard and Risk and the required
PPE is based on the activity that you are conducting around
the equipment. Risk potentials are determined on a scale from
0-4, where 4 indicates the highest risk potential. For example,
removal of a bolted cover on 600V equipment carries a hazard/risk classification of 3 and that goes up to a rating of 4 on
voltages greater than 600V. As this work occurs within the Flash
Protection boundary, the appropriate PPE must be worn. The
required minimum PPE for Hazard/Risk Classification 3 work
is to withstand 104.6 J/cm², and the required minimum PPE for
Hazard/Risk Classification 4 work is to withstand 167.36 J/cm².
As much of the work performed for an IR inspection requires
removal of bolted covers, this would be the PPE that is required.

Infrared Windows: Eliminate
the Controllable Risk

The first rule in any risk assessment is to eliminate the risk
if possible. Infrared Windows eliminate many of the risks
associated with live inspections since they enable an infrared
camera direct view of live electrical components without the
need to open electrical enclosures. They provide an excellent
means of accessing electrical equipment efficiently and safely.
In addition, a second qualified technician is not required to
open and unbolt enclosures. An IR viewing window is basically an infrared transparent material with a holder/mounting
body. Thermographers may even decide to not use a window
when inspecting energized components at some distance from
the cover and use a protective grill in place of a window. The
grill must be IP2X certified (the grill size must offer protection
against foreign objects with diameters larger than 12mm). This
method can significantly reduce the window cost and also has
the additional benefit of allowing ultra sound inspections of
the electrical switchgear. However when using grills, operators
will be exposed to live electrical components and they must
wear the appropriate level of PPE identified from the Arc Flash
Hazard Analysis of the switchgear. Infrared Windows eliminate
many of the risks associated with live infrared inspections since
they enable an infrared camera direct view of live electrical
components without the need to open electrical enclosures. The

18

optics holder design depends upon a number of parameters: the
field of view, equipment lens and window size are all functions
of the design and must meet all the parameters that the thermographer requires before a holder is manufactured. Also, a
protective cover should be included in the design as crystals are
very expensive and in some cases, extremely fragile. Infrared
Windows are available in multiple sizes and can be custom
made to retrofit dead fronts on distribution and isolator boards.
The larger the size of the window, the greater the field of view
one can see with their IR camera.

Considerations in Installing
Infrared Windows

To correctly install infrared windows, the targets that require
inspection must be identified. Typically, traditional surveys only
look at the bolted connections within the switchgear. These are
generally considered to be the “weakest points” or “points most
likely to fail.” These may include:

·
·
·

Cable connections

Bus Bar Connections

Isolator or Circuit breaker connections

The formula for calculating the field visible through an Infrared
Window is: FoV = 2 x tan (angle/2) x D, where FoV is the width
of the object area that will be viewed, the “angle” is the angular
field-of-view of the camera, and “D” is the distance from the
camera (ostensibly the window) to the objects being viewed.
Once a decision has been made about what objects are to be
inspected through the infrared window, the number of windows
and appropriate size must be determined as well as where they
need to be installed to ensure best coverage (and therefore
maximum efficiency). The size of the infrared window will
depend on several factors, including the infrared camera’s clear
aperture, its ability to focus on close objects, its ability to be
placed as close as possible to the window, the camera’s angular
field-of-view and the amount of manipulation is possible with
the camera when viewing through the window. An important
consideration is how the infrared camera can be manipulated
when looking through an infrared window. A high degree of
manipulation can have the effect of increasing the size of the
inspection area by up to a factor of 3. This means that if the object under observation is 12 inches across, depending on several
factors, it is possible that a window diameter of 4 inches (for IR
window size calculation purposes) can still be used if the operator manipulates the camera from left to right or up and down.
The required size of the window will depend on the following:

·
·
·

the size of the objects to be viewed and their distance
from the panel cover;
the infrared camera’s angular field-of-view and clear
aperture;

the camera’s ability to focus on close objects and to be
placed close to the window.

Typically, infrared cameras have a horizontal field of view of
25°. Those infrared cameras that offer a wide-angle lens option
(for example 50°) permit the user to have a substantially wider
field of view, resulting in an increase in viewing area through
the same infrared window size. This can be a great advantage in
certain situations, reducing the size and possibly the number of
windows. Other useful infrared camera features are close focus
capability, small lens diameter resulting in a small clear aper-
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ture, motorized focus (eliminating the need to get fingers on the
lens focus ring and moving the camera away from the window)
and a chassis design that facilitates movement at the window
such as an articulating camera head that allows the user to look
into windows above eye level or at near floor level.

The View through an Infrared
Window

An infrared window allows a camera operator to inspect the
inside of an electrical cabinet to check the physical condition
of the components that you have chosen to inspect. As with
traditional thermographic inspections we can see temperature
differences very clearly. You need to have the confidence in the
infrared windows that you are using. They are designed to allow
infrared energy to transmit through them at a known transmission rate; therefore, if there is even a slight temperature
difference you will be able to see that with your IR camera, and
be able to record images for the IR inspection program.

Considerations for Installing
Infrared Windows

Installing an infrared window requires cutting holes into very
expensive switchgear. Therefore, it is very important to be very
sure that they are installed in the correct location and that the
switchgear ratings are not degraded in any way. Before installation, the following factors need to be considered:

·

·

·

·

·

NEMA or IP rating of the switchgear and IR windows: Remember to never install an IR window of a lower
rating than the rating of the switchgear.
Test Certifications: Ensure that the IR windows have
been tested and approved by the certification bodies as
the switchgear for which they are intended (i.e. UL, IEEE.
Lloyds).

Internal obstacles: Before removing internal Perspex/
Plexiglas covers or cables, ensure that the local safety
manager›s approval is sought first. In some cases you
may not be able to totally remove the covers and may
only be able to modify them by drilling or punching holes
to retain the IP2X requirement for some switchgear.
Explosion Ratings (if applicable): Some panels are
positioned in intrinsically safe areas and as such can
never be modified in the field.

Dielectric Clearances: Where IR windows use grills or
inspection orifices, they must comply with IP2X (13mm
0.5»), and clients must be made aware of the safe
dielectric clearances for the type of switchgear that they
intend to install the window into. The table shown at the
left (from IEEE C37.20.2 table A.3) specifies minimum
distances from live components, and it is recommended
that these be considered as a standard for grills/
inspection orifices.

When using Infrared Windows, it is important to correct for the
transmission loss of the window and the emissivity of the component that is to be inspected through the IR window.
Another way of using IR windows is to prepare all components
that are to be inspected so that they have the same emissivity
(for example, with electrical tape, emissivity paint, IR-ID Labels). In this case, all components being inspected will have the
same transmission rate and emissivity readings; consequently,
the results gathered will be far easier to compare.

Can IR Windows Carry a Generic Arc Rating?

Electrical switchgear takes on many different shapes and sizes.
The surface areas and volumetric elements of the cabinets are
different with each model, type and rating. Each cabinet is subjected to the testing that is laid down by the certification bodies
such as UL, IEEE, etc. This test is completed on the cabinet
assemblies and not the components that make up the assembly.
Electrical cabinet designs and dimensions are infinite, and we
therefore CANNOT or MUST NOT use the data from one cabinet
design for another design unless they are identical in every
way. This is why components never carry a generic arc rating
and must be subjected to industry standard tests to confirm
that they conform to the minimum required level of mechanical
strength and environmental properties for the electrical cabinets and assemblies which they are going to be fitted into.

Conclusion

Because of the frequent occurrence of arc flash in industry, it is
extremely important to be aware of the risks associated with inspection of high voltage switchgear and related items. Concerns
about operator safety due to an arc-flash event are causing
inspectors to adopt new practices in accordance with NFPA
70E, the standard for safe electrical work practices. Shock and
Flash Hazard analyses are required in many situations. Personal
Protective Equipment recommendations are also available. One
new common safety practice involves the use of infrared transparent windows which eliminate many of the risks associated
with live infrared inspections since they enable an infrared camera to have a direct view of live electrical components without
the need to open electrical enclosures.
Please visit us at http://www.electrophysics.com For more
comprehensive White Papers visit our online Knowledge Center www.electrophysics.com/thermal-imaging Electrophysics IR Cameras for Thermography Professionals 373 Route 46, Fairfield, NJ 07004 Phone: 973-882-0211 Fax: 973-882-0997

When using Infrared Windows, it is important to correct for the
transmission specification of the window and the emissivity of
the component that is to be inspected through the IR window. One way of correcting for the effects of the window is by
adjusting the camera’s emissivity value for an object of known
temperature until the camera’s reading is correct. For objects at
the same ambient temperature and emissivity, the new emissivity value can be used.
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Employing Lifting Magnets For Material
Handling Operations
By Patrick Stox
Magnetic lifters are a lightweight and cost-effective
way of transporting heavy
materials in situations where
another method of material
handling would be difficult,
dangerous, or expensive.
These lifters use magnets
to hold heavy materials
securely without requiring
clamps, slings and other
holding equipment. They are
most beneficial in situations
in which another method
of material handling would
be difficult, dangerous, or
expensive.
Lifting magnets vary widely
in size. Usually, the larger
ones are hung from a chain
on a crane that is able to
move the lifting magnet into
the location necessary to
retrieve the material. This
type of lifter can be used for
a wide variety of purposes, including automobile
junking, construction, and
demolition and cleanup.

How Lifting Magnets Work
There are two types of
lifting magnets: permanent
magnets and electromagnets. Permanent magnets
use permanently magnetized material to create a
magnetic field. They can
be used to lift loads up
to 2,200 pounds. These
lifters can be moved easily
to various work locations.
However, one disadvantage
of permanent magnets is
that they have a restricted
lifting capacity. If a variable
lifting capacity is required,
the optimum choice is the
electromagnetic lifter.
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Electromagnetic lifters use an energized electrical coil wound
around a steel core to orient magnetic domains within ferrous
materials in a common direction, thus, creating a magnetic field.
Unlike permanent magnets, electromagnets require a constant
DC power source. Hence, a power failure can be a safety issue
with electromagnets unless an emergency power or backup
supply is integrated with this type of lifting system.
Permanent magnets are favored (1) when electricity is not
available, (2) when power failures are a common occurrence, or
(3) when adjustable magnetic force is not necessary. Electromagnets are the choice for applications where varying strength
or remote magnet control is required.
Suitable Applications for Lifting Magnets

Smooth, Flat Surfaces: Permanent lifting magnets are manually
operated. They create a very strong but low magnetic field so
they are sensitive to air gaps between the magnet and the load.
When an air gap increases, the magnetic force will be significantly reduced. They work best on smooth, flat surfaces rather
than rough and irregular ones.

Type of Material: While ferromagnetic materials are inherently
magnetize-able, paramagnetic materials, such as aluminum and
magnesium are not. (Diamagnetic materials, such as copper,
lead, and silver, do not magnetize.) For materials other than
iron-based materials, a reduction factor must be calculated to
determine the effective holding force.
Thickness of Material: The thickness of the material to be
lifted also plays a role factor in selecting a lifting magnet. Thick
materials are the best candidates. Materials thinner than the
specification for the lifting magnet will have a much lower level
of holding force.
Benefits

Lifting magnets save time by reducing and sometimes eliminating blocking and slinging. They can also eliminate or decrease
waste. They reduce product damage commonly caused by
chains, hooks, and other mechanical grabs. But the significant
advantages of lifting magnets are ease of operation and cost-effectiveness.
Electro-Permanent Magnetic Lifters: Failsafe and Variable
Holding Power
Electro-permanent magnetic lifters counter the limitations
of permanent and electromagnets by combining the advantages of both.
The restricted lifting capacity of permanent magnetic lifters
and the non-failsafe operation of electromagnetic lifters are two
limitations of these types of lifters. To overcome these limitations, lifting magnet designers have created the electro-permanent magnetic lifter, which combines the advantages of both the
permanent and electromagnetic lifters in one module.
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Types of Magnets
There are three types of magnetic lifter technologies: permanent magnetic, electro-magnetic and electro-permanent
magnets. The permanent lifting magnets use failsafe, permanent
magnets, but they do not have a variable holding power capability, which restricts both their load capacities and the variety of
applications they are best suited for.
Electro-magnetic lifters use a controller to generate a DC voltage in a coil embedded within the lifter module to generate the
magnetic work holding force. The DC controller’s voltage can be
adjusted to vary the magnetic flux field, which, in turn, varies
the holding force of the electromagnetic lifter. This feature
makes electromagnetic lifters flexible holding devices and very
cost-effective as well. But electromagnetic lifters require continuous electrical power to operate. A power failure will de-energize the electromagnet, shut down the magnetic field, and
create a potential safety hazard. Electro-permanent magnetic
lifters counter these limitations.
Electro-permanent Lifter Operation

Electro-permanent magnetic lifters (commonly called electroperms) are a hybrid of the permanent and electromagnetic
types. They are constructed with a coil wound around a magnetic material that is permanent, embedded in the lifter module.
When a DC voltage is applied, the material is charged, which
takes about 1 second, and attracts the material to the lifter even
after power is removed. The lifter will hold the load until the
electro-permanent magnet is turned off. This features gives
electro-perms a failsafe operation.
Another function of the electroperm’s coil is to control the
amount of magnetic force of the lifter. This feature gives it a
variable holding power capability similar to electromagnetic
lifters. This feature extends the types of applications the electroperm is suited for. Electroperms can be used in tandem for
beam lifting operations as well as for light load, pick and place,
robotic operations. For pick and place operations, the electroperm is modified to be lightweight for maximizing end-ofarm capacity. They are constructed with special coil configurations for fast switching with minimum dwell times and soft pole
shoes contoured to provide the easiest access to the part.
Battery Operation

Electro-permanent magnetic lifters are sometimes called
battery lifters because a battery instead of a D.C. controller
is used to provide the power for the electroperm switching
cycle. The battery gives the lifter portability. It also makes for a
simpler system design because a complex D.C. controller is not
necessary. However, the battery will require maintenance and
periodic charging.
Improving Productivity With Magnetic Lifters
Magnetic lifters eliminate the time-consuming use of blocks,
chains, slings and taps in material handling operations.
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The most common discourse regarding magnetic lifters are the
technical features, construction, materials, versatility, and wide
variety of applications these workhorses are most suited for.
What is less often discussed is how they change a machining
operation’s work processes and productivity with man-hour
savings. In this respect, the adoption of magnetic lifting extends
much beyond the shop floor. Magnetic lifters make good business sense.

Moving steel plates or tons of scrap in shipbuilding yards, warehouses or machine shops can be a time-consuming endeavor.
Typically, the material is either collected in a container, which
is moved, or the material is gathered together, stacked by hand,
and bound with blocks, chains or slings and finally attached to a
crane. These tasks often require more than one worker as well
as extra preparation time so the material can be transported
safely. Magnetic lifters can change this labor-intensive task with
the turn of a lever or the flip of a switch.
The Ways Magnetic Lifters Improve Productivity

No More Eyebolts: Magnetic lifters eliminate the need for
drilling and tapping holes in materials, parts or end products
prior to their being moved; this saves a lot of time. To attach the
material to a lifting magnet only requires energizing the magnet
either manually or electrically, depending on what type of
magnetic lifter is used, permanent magnetic or electromagnetic,
respectively.
Vertical Lifting Capability: Lifting Magnets allow vertical lifting
in confined locations. An example of how this can positively
impact productivity might involve a crate of parts that require
machining. Often the parts are stacked side by side in a container. If the parts are located so that the operator can only access
the parts from above, a lifting magnet can be applied to a single
part, lifting it vertically out of the container.
Replacing Straps and Chains: Magnetic lifters can replace the
need of straps and chains. For example, if a container is filled
with round shafts packaged horizontally, using a strap or chain
would require one end of the part to be lifted manually so that
the strap or chain could be passed underneath. This operation
would need to be repeated for every bar in the container. By
using a lifting magnet attached to a crane, it could be lifted out
of the container with minimal effort.

Eliminate Blocking and Slinging: Magnets further save time by
eliminating blocking and slinging. They also reduce waste. Magnets won’t mar metal surfaces. They decrease the potential for
the kind of product damage often caused by chains, hooks and
other mechanical grabs.

Permanent magnet lifters are made from two types of magnets:
Rare Earth and Ceramic. Lifting magnets have a very strong
but low magnetic field and are capable of safely lifting loads
in excess of 2,000 pounds, which can be diminished under
certain load conditions. These magnets are sensitive to air gaps
between the magnet and the load. This means that when the air
gap increases, the magnetic holding force will be reduced due
to a lower density of magnetic flux between the magnet and the
load. Air gaps are created in different ways. A few examples are
paint, dust, and heavy mill scale. Badly machined surfaces also
create air gaps. Full lifting capacity can only be obtained when
the magnet makes full contact with the material being lifted.
Operation

Permanent lifting magnets do not require electrical power to
operate. They are operated manually with a lever mounted on
the lifter. However, they cannot be operated remotely. Permanent lifting magnets are easy to operate. With the lever in the off
position, the load should be placed on the lifter, eliminating as
many air gaps as possible. When the magnetizing lever is placed
in the “on” position, the load will be magnetized and ready
for lifting. Attempt a trial lift to ensure the load can be lifted
safely. When the lift is completed, and the load has been placed
completely and safely in a resting position, move the lever to
the “off” position to release the load from the lifter. For long and
heavy loads, multiple magnets can be used in tandem to extend
the lifting capacity.
Immune to Power Failures

Failsafe operation is the unique advantage of permanent lifting
magnets. They are immune to power failures. The electromagnetic lifter does not have this safety feature because electromagnets require continuous electrical power to operate.
Electromagnetic lifters would require the integration of an uninterruptible power supply to produce a failsafe operation. This
would, of course, increase start up, maintenance and operating
costs. On the other hand, the electromagnetic lifter is the most
cost-effective “magnets per pound of lift” since they can extend
the lifting capacity beyond what permanent magnetic lifters can
handle. The electro-permanent magnetic lifter also possesses
the failsafe feature but this type of lifter requires electrical
power to turn the lifter on or off. The power can be supplied
by a battery. The amount of power consumption to turn the
electro-permanent lifter “on” or “off” is nominal. However, the
battery will need to be charged periodically.
DocMagnet Inc. designs and supplies Magnetic Material Handling
equipment. DocMagnet offers a full line of Permanent Lifting
Magnets and Electromagnetic Lifters for most applications.

The Built-In Safety of Permanent Lifting Magnets
Failsafe operation is the unique advantage of permanent lifting
magnets. They are immune to power failures.
Permanent lifting magnets provide a quick and efficient way
to lift, lower and vertically or horizontally transport sheet, flat
and round steel, such as plates, forgings and die castings. Since
they do not require electricity to operate, they have a built in
failsafe feature that eliminates the work safety hazards caused
by power failures.
Overview of Permanent Lifting Magnets
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