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Messenger, G. and Thibedeau, R.

ABSTRACT

This report describes the construction and operation of the NRC bearing rig for oil wetted rolling
element bearings. The rig was originally designed for vibration studies on the -205 series rolling
element bearings and has been modified for on-line ferrous oil debris sensor tests.
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RÉSUMÉ

Le présent rapport décrit la construction et le fonctionnement du banc d’essai de paliers du CNRC
pour les paliers à roulements noyés dans l’huile. Le banc d’essai a été conçu initialement pour
étudier les vibrations des paliers à roulements de la série -205 et a été modifié pour des essais de
détection en ligne de débris ferreux dans l’huile.
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NRC BEARING TEST RIG

1.0 INTRODUCTION

This report describes the construction and operation of the NRC bearing test rig. The rig is required
for the collaborative project with GasTOPS Ltd. to study, document and try to understand bearing
failure mechanisms to allow on-line monitoring systems to be designed to establish failure criteria.
The primary objective is to examine the capability of different GasTOPS sensors. These data will
be used to support existing products as well as to use in designing future sensors.

The rig was originally designed for vibration studies on different types of series 205 rolling element
bearings, it has been modified to have oil flow to the test bearing and a means of capturing debris
from failing bearings. The rig was not designed to fail the series 205 bearings by overloading. The
option of testing a smaller bearing which could be overloaded was considered but it was decided to
stay with the series 205 bearings and create faults which would lead to generation of debris similar
to real life flaking or spalling fatigue failures.

The condition or health of a machine can in part be determined by knowing the type and quantity
of particles generated by the oil-wetted parts. Knowledge of the particle’s material make-up could
indicate which component may be distressed and fail. Traditional oil analysis techniques have been
off-line and have a time lag in hours from when the sample was taken and when the results are
available. Thus, with expensive machines, there is a requirement for reliable on-line oil debris
sensors for both lubricating and hydraulic systems.

IME/MET has a comprehensive program in engine and machinery condition monitoring which in
part is supported by DND. On-line oil debris monitoring is of significant interest to DND,
especially monitoring engine and helicopter bearings and gears. In Western Europe, there will be
future requirements to equip all civilian helicopters with health usage monitoring sensors and
equipment.

Only two on-line oil debris sensors are currently available. The Ferroscan concentration type sensor
developed by Atomic Energy of Canada Ltd. and now made by GasTOPS Ltd. in Canada and the
discrete particle counting QDM (Quantitative Debris Monitor) type made by Tedeco in the USA.
Both designs only respond to ferrous (magnetic) debris. GasTOPS Ltd. is working on a sensor to
detect ferrous as well as non-ferrous debris. Tedeco is about to go into production with a QDM
Mark 2 system and United Technologies is working on a prototype system.

2.0 OBJECTIVES

1. To modify the existing rig for unattended 24 hour testing of on-line oil debris
sensors.

2. To collect and classify debris generated in the failure of the test bearing.
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3.0 EQUIPMENT

3.1 Basic Rig

Figures 1 to 4 show the basic layout of the rig. It consists of a variable speed motor driving a jack
shaft by two V belts to 2.2 times the motor speed. The test bearing is installed in a nest at the end
of the jack shaft. The inner race of the test bearing is a press-fit on the jack shaft. The outer race
is lightly pressed into the bearing nest. Load is applied to the nest by a cantilever beam and
weights. Maximum load including the weight of the beam is 9786.1 N (2200 lb). Each of the 10
load weights adds 889.6 N (200 lb). Oil pumped into the bearing nest lubricates and washes any
particles into the downstream debris sensor. The main bearings on the rig are lubricated by
circulating, filtered oil from a separate oil system.

Motor and shaft speed are sensed by Bentley Nevada proximity probes connected to Model #20931-
02, Series 7200 Proximiters.

Bruel and Kjaer Model #4384 single axis accelerometers, coupled to Bruel and Kjaer Model #2635
charge amplifiers, are held by a stud mounted in one main bearing hold down bolt of each main
bearing. A similar accelerometer is also installed, by means of a stud, at the 12 o’clock position
on the bearing nest.

Type T (copper constantan) thermocouples are installed in the following locations - each main
bearing, motor housing, motor controller, test bearing nest, in the oil line before the debris sensor
and near the ceiling above the rig.

A type K (chromel alumel) thermocouple is installed in the oil delivery line upstream of the bearing
nest to provide input to the temperature controller.

The main bearings are supplied with oil from a closed loop system powered by a Tuthill Model
#D9693 gear pump. Oil drains from each bearing into a one litre reservoir from which it is pumped
into a three micron #HF 6500 Fleetguard spin-on filter before entering each bearing. An automotive
oil pressure switch is installed between the pump and filter to allow the computer to sense loss of
oil or pump failure.

The bearing nest has a separate oil system which has a thermostatically controlled 300 W oil heater
in its reservoir. A Millipore filter holder with a 20 micron wire filter is connected to the reservoir
outlet. A three micron #HF Fleetguard spin-on filter is installed on the discharge side of the pump.
An automotive oil pressure switch is similarly installed between the pump and three micron filter
to allow the computer to sense loss of oil or pump failure.

3.2 Variable Speed Drive Motor

A 7.4 kW variable speed ASEA de motor, Model LAK 133MB, powers the rig. Control circuits
were manufactured and installed by Electrocon Limited of Bolton, Ontario.
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3.3 Main Bearings

Both main bearings are self-aligning spherical, double row, roller, pillow block types with tapered
bores and tapered draw sleeves to mount them to the jack shaft. Axial movement is prevented by
a spacer between the outer race and the housing of the bearing closest to the belt pulley.

The basic bearing is Torrington #22211LB. Each side of the bearing housing has grooves which
mate with a rotating labyrinth seal. The oil supplied to each bearing enters near the centre of the
top cap and drains to the reservoir from the bottom.

Oil used to lubricate the main bearings is to spec #MIL-L-23699C.

3.4 Bearing Nest Oil Loop

Figure 4 is a schematic of the test bearing nest oil loop. Flexible nylon lines connect the bearing
nest to the debris sensor and to the three micron filter. Oil flows from the sensor into a 2 litre
stainless steel reservoir, where its temperature can be maintained by a 300 W resistance heater to
simulate running gas turbine conditions. The heater is controlled by a Control Instrumentation Ltd.
Model #453 temperature controller. The oil then passes into a 47mm diameter 100 ml Millipore
filter holder which is fitted with a removable 20 micron wire screen. Oil is pumped by a Gresen
Manufacturing Company Model #PGG20016 gerotor pump driven by a 200 W induction motor and
is filtered by a three micron Fleetguard #HF 6500 spin-on filter before entering the bearing nest.

A Chicago Rawhide # 19227 viton garter spring lip seal installed at the back of the bearing nest
provides a rotating seal between the jack shaft and the bearing nest. A 1 mm teflon sheet seal is
installed between the cap on the bearing nest and the main body. Copper washers are used to seal
the heads of the bolts holding the bearing nest cap.

3.5 Data Acquisition System

The data acquisition system is a Sciemetrics System 200 consisting of the following modules:
Model 241, 16 channel digital I/O,
Model 220, 8 channels of electro-mechanical relays,
Model 251 analog multiplexer, 16 differential channels,
Model 231 A/D converter,
Model 802 pc interface card, and
Model 293 bench top chassis with model PS12A power supply.
A laboratory IBM compatible 8088 pc was used to control the Sciemetrics System 200.

Variables measured are show in Figure 5.

The supplied Sciemetrics software was incorporated into the control program on the pc. The control
program besides displaying current variable readings also shows the last 3 hours of both test bearing
vibration and debris sensor output.
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3.6 PC Control System

Relays are wired into the main drive motor’s stop-start circuit and the power bar feeding the
circulation oil pumps and oil heater. Both relays are switched manually to computer control on
startup before the computer is switched to the scan mode.

A complete scan of all variables is completed in approximately 3 seconds with every 25th scan
recorded to disk. When a variable is out of tolerance, the scan is recorded to disk and a fault
counter is incremented. If no variable is out of tolerance in the next scan, the fault counter is reset
to 0. If 4 consecutive scans are out of tolerance the computer causes the relays in the motor stop-
start circuit and the power bar circuit to open and shutdown the rig.

When a sensor fails or the jack shaft is stopped the rig is shutdown immediately. Lack of oil
pressure in one of the oil loops for 4 consecutive scans causes a complete shutdown.

Table 1 is a summary of variables with limits for the rig.

Table 1. Summary of variables with high and low limits

Variable

Limits

Low High

Motor speed, rpm 1400 1600

Jack shaft speed, rpm 3100 3550

Ambient temperature, °C 10 40

Rear bearing (belt) temperature, °C 10 80

Front bearing temperature, °C 10 80

Test bearing temperature, °C 10 80

Sensor inlet temperature, °C 10 80

Motor housing temperature, °C 10 50

Motor controller cabinet temperature, °C 10 40

Rear bearing vibration, g peak 1 15 *

Front bearing vibration, g peak 1 20 *

Test bearing vibration, g peak 1 5 *

Oil debris sensor output, rdn -5 500

* may be changed while the rig is running under computer control.

3.7 Test Bearings

Bearings were mounted with the SKF trade mark on the edge of the outer race positioned at 12
o’clock, facing outwards in the bearing nest which is shown in Figure 6. Figure 7 shows the two
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locking nuts which keep the inner race from shifting on the jack shaft and the outer race from
turning in the bearing nest.

Figure 8 shows the cross section of both test bearings.

Table 2 summarizes the static and dynamic capacities for the test bearings.

Table 2. Static and dynamic capacities of test bearings

Bearing Description Static Load kN
(lb)

Dynamic Load kN
(lb)

6205 single row 7.1 11
deep groove (1600) (2470)

1205 double row 4 9.3
self-aligning (900) (2090)

Lumps and pits were created on inner races by IME Advanced Manufacturing Technology Program.
The lumps were made by focusing a Nd YAG laser on a small pile of Metco 71VF-NS-1 (tungsten
carbide/cobalt alloy) powder on the inner race. Pits were made by electro-discharge machining the
inner race with a small carbon electrode.

Failures were also created by removing the test bearing after 75 to 100 hours, cleaning off all oil
in an ultrasonic bath, and placing a drop of salt water between the outer race and one ball in the
load zone. The bearing was allowed to sit over night with the salt solution. It was then reinstalled
and run to failure.

3.8 Oil

The oil used for both the test bearing and the main bearing loops is to specification ÆMIL-L-23699C
made by EXON as Turbo Oil 2380 and has viscosities of 4.88 cs at 100 °C and 24.27 cs at 40 °C.

4.0 TEST PROCEDURE

4.1 Oil Samples

Daily oil samples were taken but when to take them was a problem since the actual capture point
of the sensor was not known, any particles present could be retained by the sensor and the sample
would not necessarily coincide with bearing failure. Several samples were taken with the sensor
turned off. Analysis by QETE of 14 samples showed 2 which could not be analysed on their
spectrometer because of the presence of varsol and the remaining 12 had iron and chromium
contents less than one ppm. This indicated that the oil was clean and QETE suggested abandoning
daily sampling.

The samples submitted to QETE for analysis are varsol washings from the 20 micron screen and the
stainless steel reservoir. Varsol used was filtered through a 10 micron Millipore filter.
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4.2 Rig Operation

The oil in the bearing loop was circulated and heated to 70 °C before the drive motor was started.
The test sensor was activated, the computer system was switched into the automatic mode from
manual mode and a log file was named. When the drive motor reach 1500 rpm the computer was
switched into the scan mode where the computer now was in control.

On tests with the SKF type 1205 ETN9 bearings the rig was shutdown after approximately 10 to
20 hours to clean the 20 micron Millipore screen and the stainless steel oil reservoir. On tests with
the SKF type 6205/QE6 bearings the screen and reservoir were cleaned when the bearing was
removed to add salt solution to it.

Initially, on all tests the test bearing vibration limit was set at 5 g’s. This was found to correspond
to the start of the first spall. After cleaning the screen and reservoir the rig was started up again
with the test bearing vibration limit changed to 35 g’s and the load reduced. In some tests the upper
debris limit was reached and shutdown the rig before the upper vibration limit was exceeded.

The load to fail unfaulted type 1205 bearings was 7117 N (1600 lb) where as the full load of 9786
N (2200 lb) was required to start failure in undamaged type 6205 bearings.

5.0 TYPICAL RESULTS

Figures 9 and 10 show typical test bearing vibration data and debris sensor output respectively for
a 6205/QE6 bearing which is failing because of a salt-induced outer race spall. A drop of salt
solution was applied to one ball and the outer race of this bearing at 142.8 hours. Figure 11 is a
photograph of the outer race of this bearing at the end of 173.5 hours of test. Figure 12 is a plot
showing the size distribution of particles recovered from the 20 micron screen at the 5 g trip point
and at the end of the test.

6.0 CONCLUSIONS

1. The rig is operational and can be confidently left running unattended.

2. Salt solution applied to a small area in the load zone of the outer race provides a
repeatable failure initialization.

3. Inner race lumps on the SKF type 1205 ETN9 bearings did not cause failures of the
inner race.

4. Inner race EDM pits on the SKF 6205/QE6 did not always cause inner race failures.

7.0 RECOMMENDATIONS

1. Either a quieter oil pump for the bearing loop should be found or an enclosure be
designed to reduce the noise.

2. Ventilation should be provided for the rig area to remove oil fumes.
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Figure 1. Photograph of bearing test rig, side view.
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Figure 2. Photograph of bearing test rig, end view.



Messenger, G. and Thibedeau, R. 9

tc

2.2:1 RatioMotor Controller

tc

■ PP
Brg ■ acc

pp Variable
Speed
Motor

tc

Oil Reservoir

V3 Micron Filter tc

Gear Pump

Brg ■ acc

PS tc
Bearing

Nest
Load Arm

See Figure 4 For Test
Bearing Oil Loop

Figure 3. Schematic of bearing test rig.
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FerroSCAN

Vibration:
• Rear Bearing
• Front Bearing
• Test Bearing

Speeds:
• Motor
• Inner Race

Temperatures:
• Ambient
• Rear Bearing
• Front Bearing
• Test Bearing
• Sensor Inlet
• Motor
« Motor Controller

Pressure Switches:
• Main Bearing Loop
• Test Bearing Loop

Relay Control:
• Motor Stop
• Heaters, Pumps, FanTape Recorder

Sciemetric
System 200

□
iiniiniiiiiiimi

Figure 5. Schematic of bearing rig data acquisition system.
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Figure 6. Photograph of test bearing nest.

Figure 7. Photograph of test bearing nest components.
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Figure 8. Schematic drawings of test bearings.



14 IME-MET-LM-011

in ui

iDID

A
C

C
EL

ER
A

TI
O

N
 

gs

RUNNING TIME hours

Figure 9. Plot of test bearing vibration versus time.

500

400

300

200

1 OO

1 451 40 1 50 1 55 1 60 1 65 1 70

RUNNING TIME hours

R
EL

A
TI

VE
 D

EB
R

IS
 N

U
M

B
ER

Figure 10. Plot of debris sensor output versus time.



Messenger, G. and Thibedeau, R. 15

Figure 1 1 . Photograph of outer race spall.
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