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INDUSTRIAL TECHNOLOGY RESEARCH

PREDICT TO PREVENT TM



 Founders developed the computerized vibration analysis (CVA) in the 1970’s while working 

for major US Steel R&D organization; one of the original PdM companies, founded 1983

 Today, one of most experienced independent PdM companies in the world provide ongoing 

monitoring & analysis services to nearly 250 steel mills (44 states, 25 countries on 6 

continents) 

 First to implement an ongoing vibration program in/to steel

 Hardware, software, and service provider specializing in predictive waveform analytics for 

complex machinery

 Only independent, hybrid solution provider with >30 years experience with process based 

on remote diagnostics and prognostics
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Potential asset failure modes drive monitoring and analysis solutions

Services

 Smart & basic online monitoring

 Vibration analysis

 Oil analysis

 IR thermography

 Ultrasonic testing

 Motor testing

 PdM process management

 Analytics & PdM info training

 Applications engineering

 Data and info (CMMS) 

integration

 Continuous Monitoring Center

Systems

 Portable systems

 Analysis software

 Smart & basic online systems

 Wireless sensors and 

monitoring systems

 PdM reporting and 

information management 

systems
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Match the Methods to the Machines
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Too often providers design a monitoring and analysis process based on what is: 

 Understood

 Convenient

 Least expensive (upfront, not in the long-term)

Little consideration is often given to the following in regards to appropriateness to the machine and the 

potential failure modes to be detected:

 Monitoring methods: walk-around, continual monitoring, continuous monitoring

 Analysis methods: what types of data are necessary, how do we analyze it, how do manage the 

data and information over time

 System/human interaction: degree to which humans are required for success and process to 

make it work

Goal of discussion: help practitioners understand all important factors so they are considered when 

designing a process for collecting and analyzing data

© ITR



Let’s start with understanding the difference…

Monitoring: observing, performing surveillance, comparing data to criteria (one word: 

observation)

 More equipment, less human

 Often associated with alarms, preventive maintenance

 Front end of process

Analyzing: evaluating data to criteria to seek understanding (one word: evaluation)

 More human, less equipment

 Often associated with understanding root cause, predictive and proactive maintenance

 Back end of process
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 Portable, walk-around, route-based: mobile system 

used by one person (at a time) to periodically 

collect data across many machines

 Multiplexed monitoring: dedicated system where 

each sensor is sampled periodically and multiple 

analog or digital data streams are combined into 

one signal over a shared medium

 Simultaneous monitoring: dedicated system where 

each sensor is sampled continuously and 

simultaneously 
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Method
For Consideration…

Pros Cons

Walk-around ▪ Least expensive (10-20 to 1)

▪ Flexibility in measure intervals, locations, 

testing methods

▪ One system can measure many machines

▪ Monitoring periods are often weeks or months

▪ No opportunity for expert systems (except for 

‘alarm-based’ screening)

Multiplexing ▪ Monitoring periods are often seconds or 

minutes apart and most failure modes are 

detectible

▪ Opportunity to apply expert systems 

▪ Data and information management much 

simpler and less expensive than simultaneous

▪ More expensive but not most expensive because of 

some share resources (A/D)

▪ System limited to one machine or group of machine

▪ Some events may be missed, limited ability to 

synchronize measurements and data

Simultaneous ▪ True, simultaneous, synchronized data 

acquisition (no missed events)

▪ Opportunity to apply expert systems 

▪ Most expense because of no shared resources

▪ System limited to one machine or group of machine

▪ Data and information management extremely 

challenging, time consuming, expensive (in 

engineering time)

Why/when would you use each type of monitoring system?



 Machine acoustic emissions excite a transducer (e.g. accelerometer)

 Transducer converts electro-mechanical energy of the machine to an 

analog electrical signal

 Monitoring device converts the analog signal to digital and filters the data 

(before and after) to fit the data and remove noise/transient events

 Result is ‘processed’ data: a collection of many, many sine waves
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 Numerical techniques to summarize waveform 

data as single value

 In general terms, represents the ‘energy’ in the 

data at a given moment in time
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’Many to one’ 

data calculations

 Similar to a prism for light, broadband vibration is passed 

through a “mathematical prism” to produce a vibration 

signature, showing the amplitude of vibration and the 

frequencies at which they occur

 Vibration frequencies correlate to machine components and 

provide insights to the analyst regarding machine condition

Scalar dataSpectral data



Data Common Types
For Consideration…

Pros Cons

Spectral Time Domain

Frequency Spectrum

▪ Rich data set/more info available

▪ Appropriate for complex assets and process 

conditions

▪ Traceable to machine components

▪ More expertise and time required to analyze

▪ Analysis process ‘costs’ more relative to 

scalar

▪ Difficult to store and manage large data sets

▪ More difficult to apply expert systems

▪ More difficult to trend over time

Scalar Overall RMS

Banded RMS

Crest Factor

Intensity Factor

▪ Easy to trend data over time

▪ Easy to apply expert systems and train 

people to use data

▪ Easy to store and manage large data sets

▪ Analysis process ‘costs’ less relative to 

spectral data

▪ May lead to false alarms or missed 

problems with complex process conditions 

or transient events

▪ Some failure modes ‘masked’ in the data
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Why/when would you not use both?
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Failure starts

Full signature waveform analysis

Advanced alarm banding

Broad scalar alarmsModerate alarm banding

Audible noise / 

hot to touch

Operating Hours
Extended life with preventive action

Looseness

Ancillary 

damage

Catastrophic 

failure

Full signature analysis has the 

greatest positive impact on 

extending component  life and 

equipment uptime



If all analysis was simple, there would be no ‘Analysts’, only computers and programmers…

 Expert systems: rule-based computer programs that use experiential and statistical methods to 

interrogate data and draw conclusions

 Human analysts: competent individuals that use knowledge, skills, and experience to interrogate 

data and draw conclusions

 Effective and efficient analysis = “right” combination of both

 For simple assets (constant load/speed), integration is less important

 For complex assets (variable load/speed), integration is essential
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Asset Complexity

Analysis
Complexity

Analysis by 
Experts

Expert 
Systems 

(Algorithms)



Notice how the statistical limits ‘follow’ the spectral data…

What happens when speed changes result in non-linear changes in vibration?

What happens if there are many changing variables with each measurement?
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 Constant load/speed motor

 Stable, repeatable data

 2σ alarm-band is stable and reliable
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 Variable speed gearbox (mill stands/cranes )

 Speed varies considerably, so data varies considerably

 2σ alarm-band does not match data

0.06@13,436

4567891011121314151617181920212223242526272829303132333435363738394041424344454647484950515253545556575859606162636465666768697071727374757677787980818283848586878889909192939495969798991001011021031041051061071081091101111121131141151161171181191201211221231241251261271281291301311321331341351361371381391401411421431441451461471481491501511521531541551561571581591601611621631641651661671681691701711721731741751761771781791801811821831841851861871881891901911921931941951961971981992002012022032042052062072082092102112122132142152162172182192202212222232242252262272282292302312322332342352362372382392402412422432442452462472482492502512522532542552562572582592602612622632642652662672682692702712722732742752762772782792802812822832842852862872882892902912922930.00

0.01

0.02

0.03

0.04

0.05

0.06

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000

Vertical  

V
E

L
O

C
IT

Y
 (

in
/s

e
c
) 

  

Frequency (CPM)

For consideration…



© ITR

Asset
Constant Process Conditions

Speed Load Product Other

Hydraulic pumps ✓  ✓ ✓

Cooling fans/blowers ± ± ± ±

Water pumps ✓ ✓ ✓ ✓

Compressors ± ± ± ±

Main mill drives    ±

Roughing mill drives    ±

Intermediate mill drives    ±

Finishing mill/no-twist mill drives    ±

Pinch roll drives    ±

Laying heads    ±

Shears/saws ±   ±

Crane hoist/bridge/main drives    ±

✓= yes,  = no, ± = sometimes 



 Multistage gearbox

 Constant load, variable speed, variable product, short cycle time

 System periodically monitored with dedicated system and analyzed monthly

 Bearing in question: secondary gearbox flywheel bearing 
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Velocity RMS:

 No significant increase in RMS from 
Jan to Feb

 Below 2σ limit

 No violation of statistical rules

 Acceleration RMS also shows no 
significant increase

 Would not “trip” most alarms
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Velocity signatures (low frequency):                                               

 No significant increase in overall 

vibration

 Single-banded signature alarms 

would not “trip”

 Signature shows possible recurring 

harmonic
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Acceleration signatures (high frequency):                                               

 Some increase in overall vibration

 Single-banded signature alarms may 

not “trip”

 Extent of possible problem only 

known with further analysis

 Let’s look further…
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 Blue arrows indicate harmonics 

of 5251cpm

 5251cpm corresponds to 

secondary gearbox flywheel 

bearing defect frequency

 Problem only identified by human 

analysis, advanced banding, or 

advanced signature monitoring 

 Analyst(s) update alarms based 

on new asset knowledge
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Monitoring 
Methods

Analysis Methods
System/Human 

Interaction

 Find the right balance based on the 

machine process conditions and the 

detectable potential failure modes

 Reminder: PdM is risk management

Thank You
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