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Disclaimer

This report was prepared as an account of work sponsored by an agency of the United Stotes
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.



DETECTING THRUST BEARING FAILURE WITHIN A SCREW COMPRESSOR

A 33 mile ning of oven 1000 supernconducting magnets are needed fo focus and
drive the world's highesit enengy particle smashen. 24 nefrigenatons supply Liquid
helium to the magnets; 34 high pressurne ol 4Looded scnew compressons supply
285 padig helium gas to the regrigeratons,

The 400 h.p. scrhews are neldlable machines that use 45 gallons of odll pen
minwte fo seal and Lubricate the rctons, Lubricate the bearings, and hemove the
heat of compression. These machines are spaced out in seven bulldings overn four
miles. A minimum of 28 machines musit be operating at all times. A contingent cf
operatorns stant, sitop, and menitorn any machine from a distant control room.

The 34 compressons have an average of 32,000 heuns; 9 machines have oven
40,000 hourns; the highest £s 55,000 houns.

The notons turn at 3,450 nevolutions per minute and are positioned with pre-
Loaded precision thrust ball bearnings. They are free turning with yo axial movement.
The thhust bearnings detenmine the Life of the machine. Oun experience shows Lhat
the machine {s in a self destruct mode when & bearning wears more than ? thousands
04 an inch. The nowmal high supply of odf masks the vibrations, noise, and cutting
action of the rotons striking the walls when the bearings fail. Higher honrsepower
L8 the final message from an unattended, unmonitoned machine. We wse three methods
to detfect deterionating bearings:

1. A simple shaft probe set at .006 inches shuts down the machine when the
shagft moves axially. This wonks well but only profects the main drive rofon.

2. Thewmocouples touching each thrust bearning outer race. Four machines are
cwnently in a test program anticipaiing highen femperature during bearing
faillune.

3. Wibration readings taken with an economical hand held meten which measwres
velooity 4in Anches pen second peak to peak. These readings are recorded
once a month.

The objective with any moving pilece of equipment L8 to maximize the
opernating hourns without damaging the device. The compresson manugacturen
rnecommends overhauls at 20,000 hours. Qur operating statistics Lindicate



50,000 howws {5 a safe Limit for the beanings. With a Limited, shiinking

budget, a sure, economical method 48 needed o protect owr compressons. Recent
vibration analysis results have helped detenmine oun needs. Over a fdve yearn
‘period vibration neadings averaged .05 inches pen second peak to peak. Recently,
duning cur monthly neadings, v.ibrations of .28, .28, .18, and .29 were measured

on a machine that had 43,000 hours of operation. This was the first fime in oven
§,000 readings that we observed a significant change. Approximately 20 houts
Laten ouwn shaft probe shut down the machine. The machine was nestarted and vibra-
tion neadings at the same Rocations cscillated from .28 Lo .75; 4 hours fLafen the
shagt probe shut the machine o0ff again. We replaced the compresson with oun spare.
Upon disassembly we found .009 inches end play on the drive rotor shafi and burnished
batets on the Lhaust bearings.

With this data, A€ {s my Lintention to place two axially opposed accelercmeterns
on each machine. They are Lo be Lnexpensive velocilfy type, activating a compressoh
shutdewn cinowid set at .35 * 5% veloeity inches pen second peak fo peak. These
two accelerometens, within a Limited budget, should provide the type of early
detection we need.



VIBRATION ANALYSIS
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DATE (1A |2A | 1H | 1V | 2H | 2V | 5A | 5H | 8V | 6A | 6H | 6V | Press.

10-5-92| 05| 05| 05 ] 04| 06| .04 | A3 | .09 | 21 | 08| .06 | .11 40

11-10-92| 05 | 04| 06| 06 | 08 | .05 | .16 | .10 | A9 | 10 { .09 | A5 [ 40

12-1-92} 04 | 04| 04| 07| 08| 03| 16| .08 | .17 | .08 .07 | 13 | 38

1-7-93 |1 07| 07| 05| 04| 07| .04 12| 12 | 20| 07 ] .08 | A5 | 32

2-5-93 |1 06| 06| 06| 06| 09| .05 A3 | 12 | .21 | A3 | .10 | 12

3-3-93 | 08| 08| 06| 06| 09| .06 .13 .13 | 23] .10 )| .13 | .20 | 32

4-27-93 | 02| 04| O5( 03| 07| .04 | 14| .08 ]| .16 | .10 .06 | .13

12-8-93 { 08 | 05 ] 05| 07| 05| .04 | .09 (.08 | .18 | .09 .10 | .21 | 30

1-5-94 | 08 | 06| 04 | 04 | 06 | .07 | 12 | .08 | 24 | 09| .08 | 20 | 28

--------------------

2-3-94 |{28%|{28% .09 | .03 |{.18%| .01 [{29% 10 | .18 | 14 | .10 [ 29 | 40

------------------------

REPLACED COMPRESSOR (43K HOURS)

2-18-94) 08| 08) 03| 03| O7}) .03 ] .10 07 ] 15| 08| .06 | .18 | 30
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FIGURE 1: VIBRATION MEASUREMENT POINTS ON
COMPRESSOR AND MOTOR
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FIGURE 2: SHAFT END PROBE SHUTDOWN DEVICE



FIGURE 3: MEASURING SHAFT END PLAY
NOTE COPPER WEAR RING MARK CAUSED BY SHAFT PROBE




FIGURE 4: WORN, BURNISHED, BALL BEARINGS



FIGURE 5: THRUST BEARING OUTER RACE
TEMPERATURE DEVICE (THERMOCOUPLE)



POSITION OF THERMOCOUPLE ON HIGH STAGE

FIGURE 6
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CLOSE-UP OF THERMOCQUPLE ASSEMBLY

FIGURE 7



FIGURE 8: VIEW OF SECOND STAGE ROTORS



