/july 09

june

MI T
g E m |
the magazine for maintenance & reliability professionals

o te 4
= U

B354

I - - All About Bearing -ltection

- Manage Your Mﬂ’s Eﬁre Lifecycle
Shap p Your Storeroom f&L’ Super Savings
> | .,;T What The Air Has To Say

www.uptimemagazine.com


<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Tue, Aug 23, 2005
Final Due:  Tue, Aug 23, 2005
Contact:  Jeff Shuler
Office Phone:  888-575-1245 x116
Cell Phone:  239-410-1153
�


There’s Something in the Air

What Problems an Airborne Ultrasound Program Can Help Identify

by Thomas J Murphy, Eng

he use of ultrasound as a predictive tool has been with us for over 35 years. Despite this vintage, the
use — and indeed, the understanding — of this technology is still not widespread. The purpose of this
article is to explore the vast range of application of airborne technology from simple to sophisticated.
A “Part 2” article in the November edition will explore contact ultrasound applications.

The Basics

Ultrasound can be very simply defined as any sound
with a frequency above 20kHz, that is above the high-
est frequency a young adult can detect. This is a big,
big frequency range. Medical ultrasound instruments
can often be using ultrasound in the megahertz range.
The typical frequency range used by predictive main-
tenance ultrasound systems is much lower — normally
in the 30-40kHz region.

Ultrasound is inaudible. Traditionally, ultrasound sys-
tems use heterodyning or mixing techniques to pres-
ent a signal to a headset, which would typically have
an audible 2kHz frequency range. Once you get past
the “cheap and cheerful” ultrasound system (which
merely click or whirr to represent the presence of an
ultrasound signal) to one which uses this mixer tech-
nology, you have an instrument which actually allows
you to listen in on what is going on far beyond our
human range of hearing. In fact, some instruments
on the market allow you to change the mixer frequen-
cy so that you can listen to frequencies up to almost
200kHz. This is fascinating when you think about it
— you can actually listen in on what is happening far
beyond the capability of our ears. If there is a click,
knock, rattle, whirr or hiss at 40kHz, that’s just what
you hear when you set your instrument to be within
2kHz of that frequency.

Measuring Ultrasound

Ultrasound is treated, quite rightly, as a sound, which
means that when we quantify the level of ultrasound
signal we are listening to, we use a decibel scale. Un-
fortunately, the arrival of the electronic calculator
in the ‘70s meant that complex arithmetic could be
performed without the aid of log tables. Because of
that technology, very few people understand decibels
anymore.

Log tables helped in all manner of engineering feats.
Two key features of this relatively simple arithmetic
are that:

1. Any number can be represented as a power of 10.
For example, we all know that 10,000 = 10*. The
log of 10,000 is 4. The log of 20,000 would be 4.3.

2. When we want to multiply two numbers together,
we add their logs. When we want to divide, we
subtract their logs. This means that any multi-
plication or division of numbers could be reduced
to simpler addition and subtraction just by using
log tables.

The depth of the misunderstanding of the decibel
scale has even spread to the pages of this and simi-
lar learned publications, so let’s review a few points
about dBs as they are known. For example, dBs are
never multiplied or divided.

The dB is a logarithmic ratio scale and you cannot have
a ratio without a reference value. In itself, it is not a
unit of measurement. The measurement unit is the bit
on the end: dB(A), dBm, dBV or dBuV could be termed
units of measurement, but dB on its own is meaning-
less. For example, the equation which defines the
dBuV used in SDT’s ultrasound is:

20log10 (V1/VO)

Where VO is the reference voltage of the ultrasound
detector, namely 1uV. Simply quoting a dB and not
quoting a reference is highly misleading since, with-
out a reference value, you might be comparing apples
with bananas.

Using this scale, an increase in ultrasound by a factor
of 2 would increase the ultrasound level by 6dBuV.
The increase from 20 to 26dBuV is the same as the
increase from 50 to 56dBuV, since it is an increase of
6dBuV which corresponds to a doubling in the ampli-
tude of the ultrasound measured.

Right. Well, now that the boring (but important) ex-
planation is over, what can | do with ultrasound?
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The Applications

Compressed Air Leak Detection — An ultra-
sound system allows me to hear in a dif-
ferent part of the audio spectrum from my
normal hearing. If you turn that statement
around, you understand that an ultrasound
instrument does not hear what is in the au-
dible range of human hearing. This means
that I can take an ultrasound system into the
loudest of factories, into the loudest of au-
dible sound fields, and it doesn’t make any
difference in the ultrasound detector’s abil-
ity to detect ultrasound sources.

There are many common applications for
airborne ultrasound. Perhaps the most com-
mon is compressed gas leak detection. The
gas is normally air, but in many cases it is
also Nitrogen, Oxygen, Hydrogen, Carbon
Dioxide, Argon and many others.

Skeptics often say that they can hear air
leaks. Within a very small range of controls
this is quite true. If there is no background
noise, a relatively large leak will be audible.
However, if you look at the frequency range
of the noise generated by an air leak, only
about 10% of the energy produced is in the
audible range. The peak frequency range
is 30-40kHz. So, those same skeptics wan-
dering around a shut down factory will hear
some, but far from all, of their air leaks.

There is a parallel between air leaks and the
profile of machinery breakdowns — and both
of these carry a passing resemblance to the
ancient Japanese technique of death by a
thousand cuts.

In the world of reliability, we know that it is
not the big high profile, once in a lifetime,
failures which ruin a business’s reliability, it
is rather the multiple high frequency, low
impact, chronic failures.

So it is in the world of air leaks. Finding
and fixing the few big air leaks is all well and
good, but it is equally important to find and
fix the dozens (or maybe hundreds) of small,
inaudible, air leaks as well. These small,
chronic leaks soon add up to being a major
drain on your compressed air system. This
statement, which I have often heard, “We
saved our money and didn’t buy an ultra-
sound system. We just listen for our leaks
on the weekend.” should now be seen for
the absurdity that it is.

www.uptimemagazine.com

An air leak has quite a distinctive ultrasonic
signature. You can hear a rushing or roar-
ing noise similar to an aircraft engine. What
we are effectively listening to is flow, we are
also basically listening to friction. Finding
air leaks is very simple. In fact, it is easy.
Anybody can do it with only a nominal
amount of training. Since it is not a special-
ist function, it is an inclusive technology. A
comprehensive program of leak detection
can turn a company around by increasing
profitability and, therefore, competitiveness.
Compressed air is expensive — frequently the
most expensive energy resource used in the
business. It is sometimes an interesting ex-
ercise to refer the cost of your air leaks to
the input of your manufacturing process.

Consider a producer of potato chips making
millions of packs per year which are sold for
a profit of 5 cents per pack. Now consider
that you have an annual cost of producing
(and leaking) compressed air of $100,000.
That means that you will have to sell, pro-
duce, package, ship, invoice and case the
money for 2 million packs of chips just to
pay for the air leaks!

If you reduce your air leaks to an annual
cost of $10,000, you could use the savings
to fund a promotion to give away 1,800,000
bags of chips and still have the same income!
What's the value of that competitive edge?

Vacuum Leaks — If you have a vacuum sys-
tem, you will know just how difficult it is to
find a vacuum leak without ultrasonic assis-
tance. The mechanism of sound generation
is similar to that of a positive pressure leak,
but in the case of a vacuum the sound is not
travelling towards you but instead is being
drawn back into the pipe.

The sound of a vacuum leak is similar to that
of an air leak, but inherently, the vacuum
leak is quieter. If you have to find a vacuum
leak then, in the presence of air leaks, you
could have a problem. Training helps out
here and a Level 1 ultrasound certification
would be a good investment if you may po-
tentially run into this kind of problem.

To accurately identify a vacuum leak you
must work hard to increase the sensitivity
of your detector, block out competing ultra-
sound sources or both. For this reason many
of the ultrasound equipment manufacturers
produce an acoustic horn, which is a wonder-
fully useful device in the world of acoustics

— and one which is still used extensively in
the loudspeaker industry today. The beauty
of an acoustic horn is that by controlling the
relative dimensions of the throat, the mouth,
and the length and profile of a horn, you can
tune it to quite a narrow range of frequency
— effectively it resonates.

The beauty of such a horn is that you could
produce an amplification of more than
26dBuV which is a factor of 20x higher sen-
sitivity. However, you do so at a price — the
horn will have a very narrow frequency range
over which this amplification will be present.
Move outside this range and the horn could
even reduce your sensitivity to a level below
what you would have without the horn.

Vacuum systems are quite widespread -
chemical and pharmaceutical processes fre-
quently require vacuum to initiate a chemi-
cal reaction. No vacuum, no reaction, no
production. This tends to sharpen the in-
terest of these industries in ultrasonics. In
this energy-poor environment we must now
work in, it must surely be unacceptable to
simply buy another vac pump if you don’t
have sufficient vacuum.

Steam Leaks — High pressure steam leaks are
potentially deadly. If you are using super-
heaters, for example, you could be operat-
ing at a temperature over 300°C, perhaps up
to nearly 600°F. A high pressure leak could,
therefore, be generating an invisible lance
which can easily cut through a human.

“Something so important must have an im-
portant detection system in operation,” |
hear you cry. Not so, it is still quite com-
monplace to find people using long poles or
even broom handles with rags tied on the
end to find such leaks — when the rag twitch-
es you have a steam leak. A few years ago
in the UK there were two near fatalities us-
ing this procedure, which finally resulted in
it being banned and replaced with ultrasonic
inspection.

As noisy as a compressed air leak is, the tur-
bulence generated by a steam leak is even
greater, which means that there is even
more ultrasonic noise.

Electrical Inspection
Ultrasound can be used to find three com-

mon electrical problems: corona, tracking
and arcing.
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Corona is ionization of air

the source of your ultrasound

molecules and a surface partial z
discharge. lonization of the air o
is not likely to take place at
voltages below 4kV. The pres-

ence of corona indicates that “
there is a problem and that =
this problem requires atten- %
tion to prevent the problem -
from getting worse. Corona s
is particularly problematic in ol
high voltage switchgear and ol

transmission components.
Sadly for thermographers, co- "
rona does not generate heat,
so it is not detectable using an
infrared camera.

F ]

must be stable and give a re-
peatable amplitude of signal
source. Otherwise you could
be in a situation where the
combination of transmitter

| 1 I ‘ ' il
',:h#";"lr 4 HMJ:HH!F’%H_ #im %%JH‘ |[‘I H ] ‘-MM .Iiki f“hﬁﬁ'” insta.b'ili'ty and lZoor}detelctol:
[ I I | [ f sensitivity would make a lea
” ﬂ !W Tm 'r inaudibleB./

iz
s

This is actually the globally
recognized and preferred
method for inspecting hatch
covers of cargo ships for tight-
ness, an ultrasound transmit-
ter and airborne detector.

Put a transmitter inside a car,

In recent years, arcing and e .. L

tracking have become major

topics in the world of infrared N
inspection of electrical cabi- =
nets. An ultrasonic inspection -
of a panel prior to opening it oo
is now considered to be best

practice - with good reason. ed

Ultrasound is sound, and sound
travels through gaps in doors
and door frames and bounces
around inside a cabinet. Using
an airborne ultrasound sensor
on a door which is not water-
tight would therefore identify
any crackling sounds inside
the cabinet which might be
coming from arcing or tracking events.

Figure 1 is an example taken from a 13.8kV
step-down transformer showing an insula-
tor with a tracking problem before and after
cleaning. As seen in Figure 2, the presence
of activity after cleaning shows that there is
a residual problem which will require more
detailed repair action.

Tightness

Mentioning watertight electri-
cal cabinets brings me to anoth-
er major use for airborne ultra-
sound — tightness testing.

Now, instead of using a physical
source of ultrasound like those
discussed previously, we are go-

it il i

Figure 2 - The same insulator after cleaning still shows problems.

transmitter inside a sealed box, the sound of
the transmitter will not be able to get past
the seals of the box, so it can only be heard
on the outside, like in the case of a car with
a powerful sound system, by vibrating the
panels of the box.

This simple idea opens up almost unlimited
applications for airborne ultrasound. But, as
with all simple ideas, there are some catch-
es. The transmitter you rely upon to provide

...... : el AF{VYERNT AR

N I S—

close all the doors and win-
dows and you can find where
all the gaps are — in some cars
you can find a pinhole gap
and that gap will make an au-
dible difference to the owner
of that car.

This same test method is used
to inspect heat exchangers,
tractor cabs, buses, trains,
trucks, vans, vacuum cham-
bers, autoclaves, windows and
roofs on buildings, watertight
bulkhead doors and more ap-
plications are being added to
the list every month.

Mechanical

Surely it is a contradiction in terms to con-
template using airborne ultrasound for me-
chanical applications. Not so. In fact, there
are many mechanical applications where the
ability to inspect without making physical
contact can be highly beneficial.

I mentioned before that we
could listen to friction. 1 can
perform an FMEA (Failure Modes
and Effects Analysis) exercise to
identify failure modes which
are associated with friction. If
I have instances where the ul-
trasound generated by that
friction can become airborne
then | can use airborne ultra-

ing to generate ultrasound with
a transmitter (loudspeaker) and
listen to that sound. IfI place a

50

Figure 3- Time signal of slapping drive belts.

2 sound detection to isolate the
problem. The only thing that I
need is an air path between the
sound source and my sensor.
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1 ingdmizaligned coupling D61 02007 08:
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Figure 4 - Ultrasonic signal from a misaligned coupling.

UltrazoundiExamplesicouplingllonse coupling D6A0J2007 09:38:25
n

Figure 5 - Loose couplings generate a harsher and less periodic ultra-
sonic signature than misaligned couplings.

Some examples include:

Drive belts

Belts can be loose, belts can be tight, and
belts can be running on misaligned pulleys.
Loose belts will slap and produce a noise
similar to a whiplash. Tight belts and mis-
aligned belts will generate additional fric-
tion which will again be audible ultrasoni-
cally. Figure 3 is a sample time signal of
some slapping belts.

Couplings

Couplings can be misaligned, and cou-

Ultruseuun REsmpliaictt sl chuinsddiin b siclun: 037107
w1l

plings can be loose. Infrared training tells us
that a misaligned coupling generates heat.
This heat is generated by the periodic fric-
tion caused by the coupling being squeezed
with each revolution. Remember, friction
we can hear. So, a misaligned coupling will
generate periodic friction and, therefore,
a periodic ultrasound signal like the one
shown in Figure 4.

Aloose coupling will generate an ultrasound
signal caused by the fretting of the coupling
halves rattling. This fretting will be more
harsh and less periodic (see Figure 5) in na-
ture than misalignment.

Chains

Very few people
with chain drives
have any predictive
or even non-intru-
sive inspection pro-
grams for chains.
This is a shame

Figure 6 - Time signal of a chain drive.

www.uptimemagazine.com

e since it is so easy
to inspect a chain
using ultrasound.

Seeing what

MATTERS

PREVENTIVE LUBRICATION

We see what
you are missing.

Predict will analyze your oil quickly and
identify problems and inefficiencies before
they cause machine downtime and put a
stop to production. We offer the preventa-
tive oil condition monitoring services you
need to keep your equipment running
leaner, longer.

Our services will protect your equipment,
improve asset reliability, maximize operating
profits and extend oil change intervals.

¢ Used oil analysis
* Wear particle analysis
* Fuel and coolant testing

* 50+ standardized ASTM fluid
analysis tests

¢ Lubrication program set-up
and support

¢ Skilled on-site analyst

* 1ISO 9001:2000 certified and
ISO 17025:2005 accredited
laboratory

PREVENTIVE MEASURES.
THAT'S THE POWER OF PREDICT.

PREDICT

A WHOLLY-OWNED SUBSIDIARY OF TRICO

www.predictinc.com
800-543-8786
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As a chain link moves over a
sprocket, two things happen.
Firstly, the chain link bends
and secondly a tooth of the
sprocket must slip though the
link and make contact with
the pin. This is all going to
introduce friction and, there-
fore, ultrasound, which will
show impulses corresponding
to each of these movements,
with a degree of periodicity as
the chain repeats its circuits
(Figure 6, previous page).

Bearings

Certain bearing defects gen-
erate ultrasound. Bearings
which are open to the environ-
ment will generate ultrasound
which will be transmitted into
the same environment. What
sort of sounds can be expect-
ed? The most obvious one is,
of course, friction. An incor-
rectly lubricated bearing will
generate friction. The sound

Uhirysoams Exumplusibuasingsipoor beoring D81 O2007 80:41:25 ©
B

e
[ms)

Figure 7 - Ultrasonic record of a poorly lubricated bearing.

—
i

Figure 8 - Note the impacts of an object inside the bearing.

MOST RECENT BLOG POSTS

Comments (4)

Comments (1)
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Use and Misuse of Standards

From IEEE DEIS Blog Post: The Use and Misuse of Sta
Industry standards are produced by professional societic
not-for-profit businesses and basically represent best pre

Posted by Howard 'MotorDoc' Penrose on The Busine

A place tohere e can
all Share bnoeoled, e
ard c hat eorth pPeefrs.

of poor lubrication is a con-
stant crackling sound like
something in a frying pan,
and it looks like Figure 7.

If a bearing has something
worn or loose inside which
is generating impacts inter-
nally, it is possible that these
impacts will be audible in air-
borne ultrasound mode, and
will look like Figure 8.

A loose bearing housing (or,
similarly, soft foot on a mo-
tor) will generate a periodic
impact as the foot lifts and
falls. This impact will pro-
duce an audible airborne ul-
trasound signal. Figure 9 is
an example where a loose
bearing foot was identified
by airborne ultrasound. The
bearing was tightened up and
an additional measurement
was taken to prove the effi-
cacy of the repair (Figure 10).

Leoto . mantenance. org

No Organization Left Behind ..

While we often hear (for or against) the No Child Left E:
that we have and are leaving behind. On the Dept. of £
website, a study done in 2000 showed that greater thai
maintenance programs in the... (more)

Posted by Jeff Shiver on Ways of Working Apr 20, 200¢

O AMP

the association for maintenance professionals
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Figure 9 - Ultrasonic inspection confirmed a loose bearing foot.
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Figure 10 - Ultrasonic reading that validated the repair procedure.

The Future

One common misconception of ultrasound
is that you need a 40kHz recording system
— “normal vibration data collectors don’t
have the bandwidth” is a typical comment.
Of course, this is incorrect because it a mis-
understanding of the fact that the output to
the headset of an ultrasound system is typi-
cally a signal of just 2kHz.

The last couple of years have seen a marked
increase in the desire to record ultrasound
signals for the purpose of more detailed,
and advanced failure analysis. Previous arti-
cles in this publication have highlighted the
need to capture a signal using a high quality
device. For instance, one that captures high
quality wave signals, not compressed MP3,
and one that does not apply an autogain to

www.uptimemagazine.com

the signal, thus corrupting the dynamics of
the data for the purpose of analysis.

It is this ability to properly record and pro-
cess the audio signals which has allowed me
to show the time signal graphs in this article.

Great care must still be taken if compara-
tive work is to be undertaken using record-
ing methods. Apart from the obvious need
to maintain the same distance from the test
subject, it should also be clear that there is
a need to control the output level from the
ultrasound instrument and the input gain of
the recorder in order to produce compara-
tive data.

The future of ultrasound technology? Well,
normally we would go with smaller, lighter,
faster, or perhaps, more powerful, more

sensitive. These are all, to some extent,
useful — especially the more sensitive idea
when dealing with ever smaller leaks. But
what about more objective? Is there a need
for systems which measure? Which measure
more precisely, with traceability? Systems
which capture dynamic data as well as the
dBuV value and process that signal as a sig-
nal rather than as a sound? If ultrasound is
to more fully deserve its rightful position as
“the third technology” we must follow the
lead of infrared and move from viewers, or
hearers, to measurement devices.

Conclusions

The wide range of applications of airborne
ultrasound reviewed above should have pro-
voked some thoughts. Hopefully you will
now realize that walking around any plant
with an airborne ultrasound detector will
uncover lots of problems.

Furthermore it should have raised the per-
haps disturbing realization that it is not nec-
essary to trend all defects. It is possible to
find problems as part of an inspection, but
not as part of a point-by-point measurement
procedure.

Part 2 of this article will be in November’s issue
and will deal with contact ultrasound applica-
tions — and there are plenty of those too!
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