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@ Repair Shops See Many Pieces of Equipment
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We All Try To Solve Mysteries

€Things that go bump

€&Things that wiggle

€Things that shake and rattle
€Things that smell (stink!)

€Things that smoke and burn
€Things that break and fall apart
€Things that wear and wallow out
€Things where Electricity “gets out”




An Elevator that goes bump .... Bump...

€&Passenger elevator in a hospital

€&Few were willing to ride it

&Motor was suspect, no fault found

€Electronic Drive was suspect, replaced

€&Then, $ 90,000 later, an elevator mechanic had a thought



@ A Bumpy Elevator Ride in a Hospital




@ Loose Internal Fan

Repaired Blower

The last of the several times It was
€&Put together for dispatch.

€A little clicking noise kept appearing
each time it was run.

€Nothing showed up on vibration
monitor.

€Finally discovered a loose internal fan
on the rotor inside the motor.




Further Blower Views




Gearless Elevator Drive at Duke Energy Bldg.




Rotor Moves Before Shaft Starts Turning

&Gearless Elevator Drive built
Into an office building

EAfter it warmed up, it would
“clunk” every time it started or
stopped.

€&Rotor loose on shaft, keyway
bad

€&Some temporary repairs are
done with epoxy

€O0ther attempts involve welding.




Coupling and Key




Some body knows!

€&Many times an operator or floor employee is aware of problems
€0ther times a maintenance job Is skipped or ignored
€C0ccasionally an intelligent process is followed for many years
€&Procedures change/ improve, but the word does not get out

€&You and | are lucky when we get to talk to the right person to
help solve their problems



Vertical Hydro Generator
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Waterwheel Drive Connecting Shaft

One of the Cracks
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View Of Another Crack
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Many Motors Run in Difficult Situations

€Blowing off the dust/ dirt occasionally does help

€&Watching for bad connections is needed

€&Some motor designs are especially resilient

€The next motor illustrated runs in the open air in a rock quarry



Rock Quarry Crusher Motor

Disassembled motor Note Collector Ring Failure




“Running a route is useful... until

€The following motor was monitored about six weeks before it failed
€No faults were indicated in the spectra

€Lubrication may be needed more often than the route is run

€0n line monitoring may have been needed

€An observant operator noted problems and had the motor
removed from service

€&Shaft journal needed repair, but no other damage occurred



@ Bearing Failure in Service — Recently Checked




Spectrum a month ago

€&Note that the maximum vibration
level observed was at running
speed and well below alarm.

€No unusual peaks occurred at
bearing frequencies

€No evidence bearing was
greased In service




Spectrum a month ago
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Planned maintenance can pay off

€Tooth paste manufacture is a never ending process
€&Mixing/ grinding require high torque and low speeds
€&Reliable Gear Boxes are vital

€&Running to problem detection or failure may not make
economic sense

€&This gear box Is removed from service every two years and all
bearings and seals are replaced

€&The gears show very little wear



A Well Planned Maintenance Procedure
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Balance May Help Reduce Vibration

Provided You Have:

€Firm equipment foundation
&Structural integrity

€Properly supported rotating elements
€&Concentric and smooth bearings
€&These conditions do not always occur



Roll Balance
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@ Final Balance of Roll - Trim by Weight Removal




Balance Report

&Two plane balance
€O0perating speed 1150 rpm
€&Balance speed 504.61rpm

€&Target Residual Unbalance 5
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Balanced rotating elements help, but...

€This external blower had a heavy steel blade
€&The blade was balanced within specs

€&The drive motor was balanced within spec
€Excess Vibration still occurred




@ External Blower Motor




Heavy Steel Fan Blade




Broken Supports




Vibration in Sewage Pump

€0nce the "Stuff” was
cleaned out, the pump ran
smoothly.

€&No damage to the impeller
€&No problems in bearings
€No seal leakage




Balance Weights Must Be Applied Securely

€Epoxy balance compound relies on adhesion /support
€&Sometimes mixed with lead shot to increase weight
€&Welds on weights can crack

€Balancing rings provide many angular positions
€&Weights on fan blades ? Stress, air flow, appearance?



@ Balance Weights Can Come Off

Photo of balance ring on rotor —
not available




Our Five Senses Are Very Useful

€&Hearing — irregular operation
&Touch — vibration and heat
&Smell — insulation or hot grease
ETaste — digestive safety

€Sight — observation of normal
and abnormal situations

E&SAFE OPERATION ?

€&Ear Muffs - Plugs

€Gloves — Many types available
&Masks — dust and gas control
&Safety Glasses with Side Panels
€Arc Flash Protection Clothing



Protective Gear




Heat Sensing Can Also Be Useful
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Intermittent Connections

€Disconnect, fuse block

€&Wiring to starter / vfd or scr drive
€Breaks or grounds in conduit

€Poor connections in terminal box
€&Vibration loosened winding connections
€&Bad solder joints / lugs not crimped tight



Smell is Useful
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Hearing Is Useful




Rotor Problems

€Difficult to diagnose
SConstruction varies

€&Subject to extreme heat on
start

€Slot has to be large enough
to allow bars to be inserted

& Steel coefficient of
expansion differs from those
of copper and aluminum




ble Rotor for Compressor
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High Frequency Vibration in Motor

Here is the Vibration data taken on the Charlotte Pipe with loose rotor bars.
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Rotor Bars Have Varied Shapes




@ Broken Rotor Bars




1250 HP Compressor Motor

Saybrook Siemens - DE - Horizontal - Vel Freq 12000 CPM
3/6/2006 2:06:45 PM

Cursor A: 0.116in's
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o2 1]

[ ¥6/2006 206:45PM  O/All 0.144in/s0pk  <sst RPMP



Bearings Have An Impossible Job . .. They Cannot Last Forever

€Sleeve Bearings properly lubricated and kept clean have very
long lives and can be repaired

€&Ball and roller bearings have a finite life
€Proper application and loading are essential
€Lubrication is a major factor in bearing life







Roughness In Bearing

Careful handling
and installation
practices can
minimize or
eliminate true
brinelling
problems.




Water Pump Thrust Bearing Failure — Inner Race




Thrust Bearing Inner Race Spectrum
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@ Bearing Failure — Outer Race




Outer Race Spectrum
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Rubbing - Bearing




Alignment Is Important

€Three bearing units are always difficult



Misalighment

&



Pedestal

|
7]
(7))
Q
c
Q
7))
O
@)
—
|
7]
od
9
2
-
LL)
L
Q
4=
a
&
<




Figure 1. Ablways use the manufacturer provided
lifting points.



Amplifier Effects — Soft Foot




As Recelived, 125 hp, 1750 rpm Compressor Motor




Error in Machining the End Brackets
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Cocked End Bell(s)
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Resonance Will Occur

EAll systems will have some degree of imbalance
€Q0perating at a resonant frequency Is dangerous.



@ Harmonics From Motor Or Drive
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A Troubled History

€&Pump motors manufactured in Brazil

€&Moved to Mexico for acceptance testing

€0ne hit a bridge during road transport

€lnstalled in water supply pump station

€Excess vibration occurred

€&Rotors were balanced

€Reed vibration occurred... strengthening required in motor frame
€&Final trim balance was acceptable



Amplifier Effects - Resonance




2750 Hp Vertical Pump Motor
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3/10/2005 8:30:50 PM
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2750 Hp 720 rpm Vertical Pump Motor Bump Test
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After Balancing

2730 hp - Top - Horizontal - Vel Freq 12000 CPM
3/15/2005 526:58 AM
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@ Balancing Report

€ Folder: Jenkins Electric

€& Machine: 2750 hp

& Date/Time: 3/14/2005 2:36:18 PM

€& Machine Speed: 720 RPM /12.00 Hz

& Single Plane Balance, Velocity (in/s pk)
& Trial Weights Removed

€& Weight Locations: 12

€& Normal Filter Bandwidth (+/- 150 RPM)

Magnitude/Mass Angle
€ Initial Reading 0.232 in/s pk 326 deg
€ Trial Reading Weight 297.6 grams 90 deg (#4)
€& Reading 0.09 in/s pk 316 deg



@ Amplifier Effects — Looseness — Stator Core

FIGURE 9

Exaggerated
bending mode

I I
(b)

(a) Fourth mode of vibration and (b) linear representation
of core for one-half wavelength of force.




Amplifier Effects — Looseness — Pedestal/ Base




Effect of Loose Base
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@ Balancing Report

€ Folder: Jenkins Electric

€& Machine: Fan

€& Date/Time: 9/3/2014 12:43:45 PM

€& Machine Speed: 1451 RPM / 24.18 Hz

€ Single Plane Balance, Velocity (in/s pk)
€ Trial Weights Removed
€& Narrow Filter Bandwidth (+/- 15 RPM)

Magnitude/Mass
€ Initial Reading 0.03164 in/s rms
€ Trial Reading Weight  240.0 grams
€ Final Reading 0.01123 in/s rms

Angle
126 deg
0 deg
331 deg



Some Systems Provide Many “Opportunities”

€&Large 30 HP blower on shredded paper transport

€&Tools, etc may enter the waste stream and impact the blade
€&Paper can coat the TEFC motor fan cover

€The system base had many loose bolts

€&Some foundation bolts were missing

€All can be fixed and operate satisfactorily, If. . .
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