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Learn About Vibration  
 

Volume 1: Basic Understanding of  

Machinery Vibration  

 

This article about industrial vibration technology was produced for technical and mechanical minded people that 

have not had any training and/or for others that work in the rotating machinery service industry but have not 

been properly trained. In a simplistic format it helps the reader through the basics and up to the beginning of 

more advanced stage of vibrat ion analysis. You will learn about the basics of vibration measurements, trending, 

troubleshooting, fault detection, acceptability, preventative maintenance and the international standards 

vibration tolerance graph. Machinery photos at the end were taken f rom various VIBES C orp  job sites.  

 

 

 

Written by: Garrett Sandwell, MET, CVA  

VIBES Corp President / GM  

March  201 2  



 

 

 
"Accurate Analysis, Diagnostic Evaluations, Corrections on All Types of Machinery" 

Vibrations, Noise, Dynamic Balance, Performance, Laser Shaft & Drive Alignment, Electro-Mechanical Repairs 
ACCU-GUARD PdM ProgramÊ Monitoring Contracts, DUE DILIGENCE Verification Studies. 

Agents / Specialists: Industrial & Commercial Fans, Rotors, Blowers, Cooling Towers, Motors, Magnetic (ASD) Drives. 
24/7 SERVICES Å SALES Å TRAINING COURSES 

© 201 2 VIBES Corp                                                                                   Page 2 

Introduction to VIBES Corp  
 

Why work with us? 
VIBES Corp's reputation was built and established on thousands of promises fulfilled over 30 years in business 

across Canada. Superior quality service, sales and training courses provided on the intelligent specialist level 

has been the standard and always will be since our vibration and balancing business was formed in Calgary, AB, 

in 1982. In th e final real - time analysis VIBES Corp will deliver more value and peace of mind.  

 

What do we do? 
Factory trained and specialists on the following air movement fans, pressure blowers & motors:  
 

FlaktWoods Varofoils & Aerofoils, Sheldons Axico, Aerovent, No venco, New York Blower, Chicago Blower, 

Canadian/Buffalo Blower, CML Northern Blower, Joy Axivane, Twin City, Alphair, Allied Blower, Markhot 

Varivane, Loren Cook, BAC, Evapco, Marley, Hudson, Hoffman, Spencer, Baldor, Reliance, Trane, Carrier,  

Eng.Air, Ha akon, Tri -Metal, Pace, WEG, Leeson, GEC, GE, Emerson, Westinghouse, Toshiba, Siemens, Delhi , 

Penn, Acme, and most other types of rotating machinery .  

 

What do we sell? 
¶ factory replacement fans and motors -  most types  

¶ vibration measurement, protection &  isolation products  

¶ portable and shop gantry cranes  

¶ specialty and synthetic bearing greases  

¶ hand held technical instruments & tools  

¶ specialty seals  

¶ FLUXDRIVE  Adjustable Speed Drives  -  Sheaves & Couplings  

The machinery under our professional PdM progra ms = ACCU -GUARD PdM Programs (TM) are treated as if our 

own. We use proven technologies and methodologies along with our multi - technical and electro -mechanical 

(VIV, VPM, CPM, VFD, EIBD, etc.) training, skills, and experiences for total overall analysis an d evaluations. 

When the total analyzed facts about a machine, motor or engine are known we formulate a true condition report 

and recommend the best possible solutions. We work with clients to organize necessary actions in order of 

urgency or budgets.  

 

Where do we work? 
Our service area is mainly Southern BC mainland and the Vancouver Island. As requested we can service other 

areas in Western Canada. Sales territories are Canada and USA depending on the products.   
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Who have we worked with? 
VIBES Corp ser vice capabilities have been used and accepted by high - ranking officials in:  

¶ other service companies  

¶ manufacturing and processing  

¶ engineering firms  

¶ universities  

¶ colleges  

¶ hospitals  

¶ government agencies  

¶ oil and gas  

¶ transportation and construction  

¶ commercial towers  

¶ agricultural  

¶ mining  

¶ ski hills  

¶ marine  

¶ aircraft  

¶ lumber  

¶ pulp and paper  

¶ research and development  

¶ test equipment and military from Ontario to British 

Columbia  

We take due diligence to the highest level on all projects regardless of size or budget.  

 

Do we offer training?  
Yes. In the sales department VIBES Corp represents and offers training courses in technologies and quality 

products that we use, are industry - trusted and relate to improved machinery, engine, electric motors health an d 

performance, energy savings and preventative maintenance. Examples:  

¶ Vibration Monitoring & Trending   

¶ Laser Shaft Alignment  

¶ Fan & Motor Maintenance Training  

¶ Bearing Maintenance & Precision Installation  

¶ Accu -Guard PdM Program  (TM)  

¶ Dynamic Balancing Agricultural Machinery ON -SITE  

 

Learn more 

You can download all catalogues and educational articles from our home page at www.vibescorp.ca . Here are 

three recent articles:  

¶ Learn About Vibration, Volume 2: Advanced Vibration Analysis  at www.vibescorp.ca/lav2  

¶ Electrically Induced Bearing Damage ("EIBD") / Shaft Currents  at www.vibescorp.ca/eibd  

¶ Failure Prevention of Variable Pitch in Motion Axial Fans  at  http://www.vibescorp.ca/af  

Please review our full range of services, sales and training courses information on our website  at 

www.vibescorp.ca . Weôd be please to provide additional detailed project references and user lists on request. 

 

Contact us 
We look forward to your calls  or emails at all times and offer 24/7 emergency service.  

Yours in Serious Service ,  

Garrett Sandwell, MET, CVA  

http://www.vibescorp.ca/
http://www.vibescorp.ca/lav2
http://www.vibescorp.ca/lav2
http://www.vibescorp.ca/eibd
http://www.vibescorp.ca/eibd
http://www.vibescorp.ca/af
http://www.vibescorp.ca/af
http://www.vibescorp.ca/
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Basic Understanding of Machinery Vibration 
 

For: Plant and Building Maintenance Operations. Revised January  201 1. 

Article by: Garrett Sandwell ,  MET, CVA, VI BES Corp.  

 

This is an article regarding vibration analysis, monitoring theory, application and the benefits it offers to 

facilities and power plant engineers, operators, managers, and maintenance technicians .  

 

Common terminology used for machinery vibration 
 

VELOCITY  = Velocity of vibration is measured in peak units such as inches per second (ips) or millimetres per 

second (mm/s). Another way of looking at velocity is distance per time or how much is the machine moving 

every second in thre e important directions at all main bearing points (AXIAL, VERTICAL, HORIZONTAL). Velocity 

measurements and monitoring of vibration is the most common unit to identify various problems or 

acceptability such as: unbalance, misalignment, looseness (machinery structural, foundations, or bearings), 

harmonics, and many other issues in the machinery frequency range and many multiples of actual speed.  

Velocity measurements (if using a single axis sensor/probe and hand -held meter) are recorded in three 

directions: a xial, horizontal and vertical at all main bearing blocks or motor frame end bells  [s ee page s 9 ï 10 ] .  

The convenient thing about vibration velocity is that it is not related to speed. Advanced computers with tri -

axial sensors can measure in all three planes from one location.  

Overall or Broadband Vibration Severity using Velocity is applicable to all types of general rotating equipment 

(ISO/ANSI) operating at full load or speed condition. (Exceptions = Diesel Engines, Compressors, Rock 
Crushers, Gearbo x.)  

EXCELLENT LEVELS = .1 ips / 2.5 mm/s or less at any speed. No action required.  

GOOD LEVELS = .2 ips / 5.0 mm/s or less at any speed. No action required.  

FAIR LEVELS = .3 ips / 7.5 mm/s or less at any speed. No action required.  

ROUGH LEVELS = .4 ips / 1 0 mm/s or higher at any speed. (Take action soon.)  

VERY ROUGH LEVELS = .6 ips / 15 mm/s or higher at any speed. (Take action now.)  
DANGER LEVELS = .8 ips / 20 mm/s or higher at any speed. (Shutdown and Fix.)  

The relationship of the above vibration velocity  levels is found on the Vibration Severity Graph  [see page 12] . It 

is important to understand that vibration can be smooth in one or more directions but very rough in another so 

it is important to record velocity in three directions at each bearing locatio n and preferably within a few hours of 
start up.  

ACCELERATION  = Acceleration is measured in units of G. Simplified = inches per second/second (ips/s) or 

millimetres per second/second (mm/s/s). Acceleration is very important bearing fault data in the high f requency 

ranges. Acceleration is also a sudden change in velocity. Acceleration data are relevant in the rotational axis 
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only. Some vibration meters have earphone output to allow the analyst to listen to the noise inside bearings 

while recording G. Listeni ng to bearings using earphones such as an electronic stethoscope is very useful for 
defect identification.  

Typical acceleration data related to all types of bearings in general rotating equipment. (Exceptions = Diesel 
Engines, Compressors, Rock Crushers, G earbox.)  

EXCELLENT LEVELS = Usually .10 G or Less. No action required.  

GOOD LEVELS = Usually .35 G or Less. No action required unless noisy.  

FAIR LEVELS = Usually .50 G or Less. No action required unless noisy.  

(If you have no records consider vibration sp ectrum analysis for all levels below.)  

ROUGH LEVELS = Usually .75 G or More. Possible action required if noisy. Also check bearing temperatures.  

VERY ROUGH LEVELS = Usually 1.0 G or More. Further analysis required. Also check bearing noise and 

temperatures . 

DANGER LEVELS = Usually 1.5 G or More. Problem likely. Further analyze and check bearing noise and 

temperatures.  

BREAKDOWN LEVELS = Usually 2.5 G or More. Shutdown and fix now! Dangerous!  
Note: Actual G = 32ft/sec/sec. = 9.8 m/s/s. Vibration equipment co nverts these values.  

As mentioned if unusual noise is present either audible or using electronic stethoscope the acceleration G levels 

are secondary. This means there could be an early warning of a bearing defect at .1 G level. Turn off machine 

and careful ly listen to all bearings during coast down. If motor bearings are noisy, repeat this test with belts 

removed or coupling disconnected. Run motor to full speed then turn off and listen. While motor is locked off, 

and drive (belts or coupling is disconnecte d) check the rotor shaft for looseness by applying pressure in the 

vertical or axial directions to assess excessive play. Turn shaft by hand a few rotations and listen carefully for 
unusual noises in the bearings.  

DISPLACEMENT  = Displacement is measured in  peak to peak units of mils (1 mil = .001ò) or mm (1 mm = 

.0025ò). Displacement measurements are recorded in the same three directions as velocity = axial, horizontal 

and vertical. Displacement is not used or recommended for recording or monitoring because  severity or 

acceptability is speed dependent. Displacement is also used to identify problems in the lower frequency ranges. 

Displacement can be used for measuring reference values = walls, floors, beams, pads, frames = very slow 

moving or stationary objec ts. A tapered aluminum probe can be used to measure shaft axial motions. A Fish 
Tail Ê Shaft Stick can be used to measure bends or misalignment with the machine running. 

For example 1 mil at 1800 rpm = Excellent. But 1 mil at 30,000 rpm is Dangerous. Typic ally, rotor dynamic 

balancing tolerances are often specified in displacement (mils) because it has been an industry standard for 60 

years or more. Other balance tolerances are gram/centimetres or tolerance grade tables. Typically, 

displacement is used in f ield and shop balancing procedures.  For further information about balance 
tolerances/grades see: Practical application of ISO 1940/1.  

FREQUENCY  = Frequency is measured in units of cpm, Hz, Orders, i.e. 50 cpm ï 750,000 cpm. Knowing the 

frequency of vibrati on peaks helps to pinpoint the potential sources. Frequency is used in advanced vibration 

analysis to identify all types of bearing fault frequencies, real time spectrums, and motor current signature 

analysis, etc.  
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PHASE  = Phase is the angle of vibration i ssue. Phase is used to dynamic balance and identifies resonance 

(critical speed) problems. Phase is not used in everyday vibration measurements or monitoring. Phase of 

vibration is recorded using a stroboscope or infrared tachometer in conjunction with a v ibration analyzer 

instrument.  

 

 

Most common causes for bearing failures ï based on 30 years of experience 
 

1) Improper  installation. Bearings must be properly installed and aligned in three directions using machinist 

levels and other precision tools to maximize the lifespan and control vibrations. In electric motors the bell 

housing and shaft fit is critical. Bearings mus t be locked correctly to the shaft (concentric lock collars or locking 

adaptor nuts/rings). Shafts must also be within tolerances (not under or oversized) and no damage where the 

bearing is located. New bearings should never be installed into old/worn bloc ks. Always replace the entire kit. 

There is an industry saying = .0005ò / .0125 mm under size can kill the bearing lifespan. In motor applications 

both bearing inner races must be heated to exactly 110C to expand and then shrink fit to shaft journal for 

perfect hold.  Make sure to clean the motor shaft bearing journals or shoulders of any burrs with a fine file and 
use emery cloth to smooth surface of all roughness before installation of the heated bearing.  

2) Misalignment of drives. Accurate alignment is ve ry important to reduce vibration and prolong good condition 

of various parts. Check coupling manufacturerôs specifications and comply using double dial gauges or laser 

alignment. Remove belt guards during belt tensioning and check with level, straight edge  or laser to insure 

pulleys are within tolerances at all times.  

3) Belts too tight and/or too loose. Proper tension should be maintained at all times. Defective belts should be 

replaced as soon as possible. Retrofit to better drive system if necessary. Che ck for serious wear inside pulley 
grooves.  

4) Improper lubrication. Too much or not enough grease. Most good quality grease EP 1.5 ï EP 2 on the market 

is acceptable but synthetics are the best. Lubrication charts are available for machines from the manufa cturer. 
If mixing greases , lab test for compatibility.  

5) Unbalance of the rotor. As this problem should be obvious it is usually resolved at start up. If vibration 

occurs suddenly on a machine, check for wear, debris build up, broken or cracked parts on t he rotor. Unbalance 

in a variable speed machine usually shows up as a gradual increase in vibration as speed increases and highest 

at full speed. VIBES Corp specializes in rotating parts dynamic balancing on -site.  

6) Vibration for a long time. Sometimes ro ugh vibrations may be overlooked because the machine has always 

run that way i.e. harmonics, beats, resonance, transient vibration, flexing supports, aerodynamic turbulance, 

pump cavitation, misc. In axial fans check for ñStallò or on pumps check for cavitations. Axial fan ñStallò is due 

to increased resistance on the inlet or outlet and can be caused f rom damper problems, dirty filters or coils, fan 
blade modulation defects and other system issues.  

7) Motor is operating beyond the full load amperage caused  by over speed on the driven. Check the pulley 

ratios, use amp probe, tachometer or stroboscope to confirm driven speed is an issue.  
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8) Poor or no isolation. Check springs for grounding, too much deflection, or wrong selection. Axial vibrations on 

fans oft en can be reduced with thrust springs. Pump or piping vibration transmissions can be reduced with 
expansion joints, flexible hose or spring hangers.  

9) Bearing  lubrication  contamination. Driven machinery bearings that are in harsh environments such as vertical 

shaft cooling towers, weather exposed, gaseous/moisture mix, or very dirty areas can become contaminated if 

not protected by special seals, cooling di scs, or shaft assembly guards. Careful not to over grease motors. 

Motors should also be protected  with silicone around bell faces and wire boxes if exposed to high moisture 

areas.  

10) Poor or wrong bearing selection. Sometimes when bearings are replaced the new bearings are not the same 

load rated as the original. Bearings should always be the same ra ting as the original and if consistently failing 

consider upgrading to higher dynamic load rated bearings. Large HP motors on belt drives should have 
roller bearings in the drive end and fixed ball bearing in the opposite end .  

11) Electrically induced bear ing damage (EIBD). Motors that are operating on 575V with VFD can often develop 

this problem which is caused by voltage build up in the rotor and the milliamps discharge (micro -arcing) 

through the bearings back to the stator. The result is LOUD bearing noi ses from pitting, glazing, fluting, micro -

cracks and craters of the rolling elements and raceways along with burned/contaminated grease. There're 
various solutions to avoid or combat EIBD problems depending on the circumstances and budget such as:  

a)  Sealed DE/ODE motor bearings packed with electroconductive grease  

b)  Rotor grounding seal/ring  
c)  Sine wave filter  

A more detailed article has been written and is available on our website :  see Learn About Shaft Currents / EIBD  
at www.vibescorp.ca . Also s ee vibration acceleration spectrum showing serious EIBD issue on page 1 7. 

Important:  Vibration data should be recorded at the same spot sensor direction and location when the 

machine or motor is operating at the same load/speed each time or the trending may become useless or 

confusing. If full speed is not possible record at the same lowe r speed each time.  

Typically 80% speed or fan blade angles are satisfactory for vibration monitoring and trending (100% speed or 

maximum load condition is best for monitoring and evaluation).  

 

 

Vibration spectrum analysis ï advanced software and data collection 
 
It is very important to have a record of the machine vibration baseline history after a few hours running time on 

the date of start up. Examples of several motor vibration spectrum analyses using velocity, displacement, 

acceleration versus freq uency are included [see page s 14 ï 17 ] . The original motor peaks are shown for one 

location before with defects and after defects were resolved on several visits. The data is referred to as 

Waterfall Spectrum Plots. A software program such as DLI Engineeri ng ExpertAlert TM can identify many faults. 

After several sets of data (5 sets) are available the Waterfall reports become very accurate for trending, PM 

planning and failure prevention. In the machinery baseline spectrum we have everything we need to know  

http://www.vibescorp.ca/learn-about/shaft-currents/
http://www.vibescorp.ca/
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about that equipment in the database history. As mentioned when several sets of data are recorded the 

ExpertAlert TM engineered software produces accurate detailed diagnostic reports that are rule based. The EA 

software screens for specific fault frequenc ies on 9500 bearings for all types of machines or engines and 

compares the recorded data to good data.  See another more detailed article on our website :  Learn About 

Vibration, Volume 2: Advanced Vibration Analysis  at www.vibescorp.ca .  

 

 

Q& A  
 

Q1) How often should I have vibration monitoring or analysis done on my machines?  

A1) HVAC equipment should be checked once or twice per year. Industrial machinery should be checked more 
often.  

Q2) How much does vibration monitoring or analysis cost?  

A2) HVAC equipment can be (basic) monitored for as low as $75 -$100 per / machine or less. Complex 

machinery monitoring costs will be higher. Costs vary dependi ng on Basic, Advanced, Inspection Requirements, 

Number of Machines at one location, Number of visits/year, and location of job sites. VIBES Corp would be 

pleased to visit and quote monitoring requirements at any time.  

Q3) Should I consider mounting a perma nent vibration switch or transmitter on my critical machines, engines or 

motors?  

A3) Yes. As equipment gets older the chance of a sudden vibration related breakdown increase. BALMAC 

vibration switches and transmitters are (4 -20ma) low cost and gives you 24 /7 protection, measuring, trending, 

alarm, trip settings, time delays and come with remote panel meters. Another lowest cost alternative is a simple 

motor shutdown switch such as a MURPHY vibration shock/shutdown switch.  For specifications on Balmac or 

Mur phy vibration switches go to  our home page : www.vibescorp.ca . 

 

 

Donôt wait for a machine or motor to fail! 
 

Consider vibration spectrum analysis, monitoring and trending for all your critical machines on a regular 

schedule and start saving unnecessary breakdown costs in the future. VIBES Corp has all the equipment and 
experience to make it happen.  

If you have other questions pertaining to any particular machinery vibration or noise issues or require VIBES 

Corp services , sales, training or free short lectures information please call at any time.  

Yours in Serious Service ,  

Garrett Sandwell, MET, CVA  

 

http://www.vibescorp.ca/advanced_vibration_analysis.htm
http://www.vibescorp.ca/advanced_vibration_analysis.htm
http://www.vibescorp.ca/
http://www.vibescorp.ca/
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This is a machine health record card that can be installed near the equipment 
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Vibration Sources Identification Guide  

 

  

CAUSE  FREQUENCY  AMPLITUDE  PHASE  COMMENTS  

Unbalance  1 x RPM  
Highest in Radial 
Direction -Proportional 

to Unbalance  

Single Mark 
(Steady)  

A common cause of vibration.  

Defective Anti -

Friction Bearings  

Very High -Often From 

10 to 100 x RPM  
Use Velocity  Unstable  

Velocity readings are highest at defective bearing.  
As failure approaches, the amplitude of the velocity signal will 

increase and its frequency will decrease. Cage frequency is 

approximately 0.6 x RPM x number elements.  

Misalignment of 

Coupling or Bearing  
1, 2 or 3 x RPM  

High Axial  

Axial 50% or more of 

Radial  

Often 2, Sometimes 

1 or 3  

Use phase analysis to determine relative movement of 

machine or bearings. Use a dial indicator if possible. Often 

diagnosed as a bent shaft.  

Can be caus ed by misalignment of V belts.  

Sleeve Bearing  1 x RPM  

Not Large  

Use Displacement 

Mode Up to 6000 CPM  

Single Reference 

Mark  

May appear to be unbalanced. Shaft and bearing amplitude 

should be taken. If shaft vibration is larger than the bearing, 

vibration amplitude indicates clearance.  

Bent Shaft  1 or 2 x RPM  High Axial  1 or 2  Similar to misalignment. Use phase analysis.  

Defective Gears  
High No. Gear Teeth x 

RPM 
Radial  Unsteady  

Use velocity measurement. Often affected by misalignment. 
Generally accompanie d by side band frequency. Pitting, 

scuffing and fractures are often caused by torsional 

vibrations. Frequency sometimes as high as 1 million CPM or 

more.  

Mechanical Looseness  

2 x RPM  

Sometimes  

1 x RPM  

Proportional to 

Looseness  
1 or 2  

Check movement of mounting bolts in relation to the machine 

base. Difference between base and machine indicates amount 

of looseness.  

Defective Drive Belts  1 or 2 x Belt Speed  Erratic  
Use Strobe to Freeze 

Belt in OSC Mode  

Calculate the belt RPM using:   
 

 

 

Look for cracks, hard spots, soft spots or lumps. Loose belt. 
Changes with belt tension.  

Electrical  

1 or 2 x Line 

Frequency (3600 or 
7200 CPM for 60Hz 

Power) May appear at 

1 x RPM  

Usually Low  
1 or 2 Marks 

Sometimes Slipping  

Looks like mechanical unbalance until power is removed. 

Then drops dramatically.  

Oil Whip  45 -  55% RPM  Radial Unsteady  Unstable  

Caused by excessive clearance in sleeve bearings or by 

underloaded  bearings. Will change with viscosity of oil 

(temperature).  

Hydraulic -

Aerodynamic  

No. Blades or Vanes x 

RPM 
Erratic  Unsteady  May excite resonance problems.  

Beat Frequency  Near 1 x RPM  Variable at Beat Rate  
Rotates at Beat 

Frequency  

Caused by two machines, mounted on same base, running at 

close to same RPM.  

Resonance  Specific Criticals  High  
Single Reference 

Mark  

Phase will shift 180° going through resonance (90° at 
resonance). Amplitude will peak at resonance. Resonance in 

frame can be removed by changing rotor operating speed or 

by changing the stiffness of the structure.  

Pulley Diameter x  3.141  

Belt Length  

 

x Pulley RPM  Belt RPM =  



 

 

 
"Accurate Analysis, Diagnostic Evaluations, Corrections on All Types of Machinery" 

Vibrations, Noise, Dynamic Balance, Performance, Laser Shaft & Drive Alignment, Electro-Mechanical Repairs 
ACCU-GUARD PdM ProgramÊ Monitoring Contracts, DUE DILIGENCE Verification Studies. 

Agents / Specialists: Industrial & Commercial Fans, Rotors, Blowers, Cooling Towers, Motors, Magnetic (ASD) Drives. 
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