








Bearing Testing

NOISE AND VIBRATION

Bearing noise is a performance characteristic under con-
stant examination to define and eliminate its causes.

Although it is accepted that all bearings generate vibra-
tions or noise, there is no recognized definition or test
method for noise available as a standard.

Each application may define a different acceptable noise
level in the assembled bearing system. These definitions
range from subjective audible levels to readouts from spe-
cialized electronic test equipment. Since either extreme of
method relates to a unigue bearing system consisting of
mounted bearings, specific loads, speeds, environments
and a specific frequency range, the problem of designing a
meaningful free bearing test becomes even more complex.

Although no bearing noise tester yet devised can relate to
all application noise specifications, there is one in use at
MPB which can provide relative noise readings from bear-
ing to bearing. The Smoothrator is one such noise measur-
ing instrument. |t reads out dimensionless numbers for
noise comparison under standardized speed and thrust
load. This instrument is used by many bearing users, allow-
ing them to establish noise levels consistent with their own
application requirements.
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Other specialized vibration analysis equipment and fixtur-
ing has been developed for investigation and analysis of
bearing noise as related to specific application conditions.
MPB engineers are available for discussion of your noise
and vibration problems.

MPB's test facilities feature a wide variety of equipment.

LIFE TESTING

Just as there is no universal bearing performance tes
which will guarantee specific performance levels in appli-
cation, there is no standardized life test to prove the ability
of a bearing to function properly over a given period of time
in its application. Many life tests have been, and are being,
performed at MPB, comparing bearing designs, materials
and lubrications under varying loads and speeds.

Although these life test results seldom apply directly to a
specific application, they do allow MPB engineers to rec-
ommend the most satisfactory bearing system.

Life testing of unmounted bearings under specified loads
and speeds, cannot substitute for testing of the entire bear-
ing system in application. Handling and mounting tech-
niques, fits and operating environment are as significant in
determining unit life as bearing quality.

MPB engineers are available to help design bearing sys
tem life tests as well as recommend bearing designs consis
tent with application life requirements.
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Packaging

The packaging of MPB bearings is designed to deliver them
clean and undamaged. The containers used provide easy
identification, complete protection in transit and storage
and best meet the use and handling requirements of the
customer. To prevent contamination, packaging operations
are performed in the clean room. The same rigid cleaniness
standards are observed in the packaging section as are
specified for the. inspection, lubricating and testing sec-
tions of the clean room,

Four standard packages are available:
* Pill pack

& Vial pack

& Box pack

& Kraft foil pouch

The type or method of packaging desired should always
be specified on drawings or purchase orders. If no specific
packaging is requested, bearings will be packed in vials or
pill pack strips.

To reduce the possibility of bearing contamination at the
user’s facility, all outer packaging such as boxes, cartons,
or Kraft pouches, should be removed and the inner wrap
(vial or polyester pouch) cleaned of all dust particles before
being taken into white or clean areas.

PILL PACK

Pill packs are formed from strips of transparent, heat seala-
ble polyester backed polyethylene film or preformed poly-
ethylene bags. Both materials are impervious to most
lubricants and offer low vapor permeability and gas pene-
tration. The strips of static-free and clean film are heat
sealed into a strip of five pouches with one bearing in each
pouch. The pouch size is 2" x 2". The preformed bags are
sealed into a strip of four pouches with one bearing in each
pouch, The pouch size is 2%" = 2'%" to accommodate the
thin section bearing size range. The strip pack material
thickness is 2.5 mils and the preformed bag material is 4
mils thick.

A pressure sensitive label is applied to each pouch of the
strip pack whereas the preformed bag is direct printed on
each pouch. The printed information includes the customer
purchase order number, customer part number, MPB order
number, date packaged, MPB part number, quantity, lubri-
cation and radial play.

To prevent damage during shipment, the boxes contain-
ng the pill pack strips are enclosed in sturdy corrugated
shipping cartons. Filler material is used to prevent shifting
and to strengthen the package.

VIAL PACK

For high production requirements, packaging in transpar-
ent cellulose acetate butyrate reclosable vials is preferred.
Each vial contains a quantity of 50 bearings of the miniature
size range and 25 bearings of the instrument size range.
When specified by the customer the bearings may be
shipped in an excess of lubricant in which case the vial is
hermetically sealed to prevent leakage. When bearings are
lubricated with the dip and centrifuge method, the caps are
secured in place with a transparent vinyl tape. A pressure
sensitive label is applied to each vial imprinted with the
customer purchase order number, customer part number,
MPE order number, date of packaging, MPB part number,
quantity, the MPB lubrication code and radial play.

Several vials are normally packed in a polyethylene bag
and each bag is labeled with the same information as is
printed on the individual vial label. Depending on the num-
ber of vials to be shipped, the external shipping carton is a
chip board mailer or a 275-1b test corrugated carton,

BOX PACK
The intimate wrap for the box pack isa 2° = 2" = 6 mil
polyethylene clean bag for the miniature and instrument
bearing sizes and a 2'%" x 5" % 3 mil poly bag for the thin
section bearings over 1" OD. The air is pressed from the
poly bag, sealed and placed in a reverse tuck folding box of
appropriate size. A pressure sensitive label is applied to one
face of the box printed with the customer purchase order
number, customer part number, MPB order number and
part number, date packed. MPB lube code, quantity and
radial play. The bag and box is MPB's standard method of
packaging bearings, one inch QD and larger, for distribu-
tors and is used for OEM accounts when specified.

For the necessary protection in shipment, the boxes are
arranged ina corrugated carton with the necessary dunnage
to prevent damage in transit.

KRAFT FOIL POUCH

Each Kraft foil pouch is labeled per MIL-STD-129 with the
Federal Stock Number, the item description, the guantity
and unit of issue, the contract numboer, the level packaging
and the month and year of shipment. Following and below
the MIL-STD-129 marking format is the MPB order number
and part number. When required by the customer andior
contract, each Kraft foil pouch will be packed in an individ-
ual paperboard box conforming to military specification
PPP-B-566, a, Style ll, Type D, Class a. When required, each
box will be labeled with a duplication of the information that
appears on the face of the Kraft foil pouch.

Pouches or pouches boxed to the required level are
shipped in sturdy corrugated cartons. Rigid styrofoam
blocks or a cushioning filler is used to prevent shifting and
strengthen the package.

Upon request, MPB can provide Bar Code package marking
per MIL-STD-11849.




Bearing Handling

Instrument ball bearings are precision devices which will
provide long service life when properly specified and ap-
plied. However, unskilled or careless handling will inevita-
bly result in poor performance and life. Unfortunately, many
problems encountered by instrument bearing users are self-
imposed through improper handling.

Introduction of particulate contamination into instrument
ball bearings is probably the most universal problem, and
one of the more elusive and difficult to control,

Almost by definition, most instrument ball bearings are
used in torque and noise-sensitive applications. Even very
small particles of foreign matter (on the order of a few tens
of micro-inches) can degrade the quiet running qualities
and low lorque values of the bearing.

The control of particulate contamination must be a con-
scious endeavor throughout the entire life of an instrument
bearing. MPB bearings are manufactured, assembled, in-
spected, tested and packaged under rigidly controlled con-
ditions. It is imperative that the bearing user extends good
handling practices on his end so that the full performance
potential of MPB bearings may be realized.

Some fundamentals lo preserve bearing cleanliness are:

® Clean work areas.

®* Properly garbed personnel,

® Clean and maintained bearing handling instruments

and related equipmeant.

* Proper handling technigques.

® Maintenance of demagnetized bearing condition.

MPB bearings should be kept in the original. unopened
packages until ready for installation. Only the actual re-
quired number of bearings should be removed from the
package at any one time. Bearings should be removed from
the protective intimate package only in a clean, dry and
dust-free atmosphere, Any unused, opened bearings should
be stored and properly identified in clean, dry, covered con-
tainers.

It is preferable to handle bearings with specifically-
designed, handheld instrumenlts, such as tweezers with
special work ends.

In many cases, instruments of this sort are commercially
available. It goes without saying that these instruments
must be maintained in a state as clean as the bearings
themselvas,

In some cases, it is necessary to handle bearings by hand,
without the benefit of tools. In this event, fingers ar any
other bare skin must not touch the bearing. Microscopic
skin particles shed easily from hands and will inevitably find
a way into the bearing. Furthermore, most bearing steel,
other than AIS1 440C, will corrode rapidly from the moisture
and other residue left after skin contact. Clean, dry, un-
dusted finger cots or lint-free gloves should be worn.

All MPB bearings are thoroughly demagnetized prior to
shipment to the customer. If it happens that the bearings
become magnetized during shipment, the unopened bear-
ings must be demagnetized before further use because of
the obvious danger of attracting metallic particles into the
bearing.

BEARING CLEANING

MPE bearings are thoroughly inspected, washed and lubri-
cated to individual customer specification prior to final
packaging. They are, therefore, ready for immediate instal-
lation into the bearing user’s equipment.

If any bearings become accidentally contaminated, il is
recommended they be returned to MPB for cleaning and
relubrication.

If, however, the bearing user must wash and relubricate
the bearings. then the following advice is offered:

Bearings should be cleaned with a filtered, high-purity

solvent, such as trichlorotrifluoroethane. Solvents which

leave any film on the metal surface must be avoided.

Solvents should be filtered through a 0.5 micron filter

before use.

Bearings may be individually spray-washed or bulk-
processed in an ultrasonically-agitated wash tank, If the
spray-wash method is used, an end-of-line filter just
ahead of the spray nozzle is recommended to trap con-
tamination traveling through the air line. Also, care must
be exercised to prevent fast bearing rotation due to the
spray-blast. If the ultrasonic method is used, care must be
taken here as well to ensure that bearing damage does
not resull from over-exposure to the ultrasonic energy.

Bearings should be dried either under an infrared heat-
lamp or by a flow of filtered, dry air. Here again, if air-flow
is used, the bearing must be prevented from spinning.

Lubricating oil applied to the bearing after wash should
be filtered through a 0.8-1.2 micron filter and then in-
jected directly into the bearing through a clean hypoder-
mic syringe. The syringe itself should also be fitted with a
0.8-1.2 micron filter between the barrel and the needle.

After cleaning and lubrication, the bearings should be
stared in clean, dry, covered containers that are properly
identified.

DON'T

%

Correct and Incorrect Bearing Mounting Practices
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BEARING INSTALLATION
To repeat, only the actual number of bearings needed
should be removed from the bearing package.

¢ The mounting components, shafts/housings/related
hardware, should be fully complete and tharoughly
clean prior to any contact with the bearing.

# The performance and life of a ball bearing are signifi-
cantly affected by the geometry of the components that
contain the bearing. Hence, shaft/housing diameter tol-
erances and geometry must be carefully determined
and maintained before any attempt is made to install
the bearings (see Shaft and Housing Fits, Page 64-65).

# Interference fits with shaft and housing provide posi-
tive retention and lacation. Potential drawbacks are:
Bearing radial play, or internal clearance, is reduced by
about 50%-80% of the diametral interference fit. This
fact must be considerad in the initial bearing selection,

e Geometric errors of the fit diameters, out-of-roundness
for example, will be transferred to the mating bearing
ring. In other wards. a round bearing can be greatly
distorted by an out-of-round shaft or housing,

Clearance fits do not affect bearing geometry, but also do
not provide for the same degree of positive positioning,
unless special provision is taken in the hardware design.
Clearance fits are also prone to fretting corrosion at the
mounting interfaces, which can occur during normal opera-
tion or during exposure to external vibration sources,

Installation tooling must be thoughtfully designed and
carefully made. Important points to remember here are:

* Tooling should be designed and made to be easily-
cleaned and to remain burr-free,

& Tooling should mount the bearings sguarely onto the
shaft or into the housing. Misalignment during installa-
tion can severely distort a bearing.

» Tooling must be designed and used in a manner which
will not damage a bearing. AT NO TIME CAN ANY IN-
STALLATION FORCES BE TRANSMITTED FROM ONE
BEARING RING TO THE OTHER THROUGH THE
BALLS. This will "brinell” the bearing. resulting in high
torgue and noise. As a general statement, any force
should be applied only to the ring that is being
mounted.

e Shock or impact technigues should never be used to
seat the bearing.

ENVIRONMENTAL CONTROL

A controlled work environment for handling bearings will
help to reduce contamination and corrosion problems,
Ideally, an entire “clean room’ should be available. Alterna-
tively, individual. hooded work-stations or “clean” benches
may be used.

CLEAN ROOMS

A clean room, or white room, i$ an area in which temper-
ature, humidity and cleanliness, particularly in terms of
airborne contamination, are rigidly and continuously
controlled.

Clean rooms are generally of two types: Laminar flow and
non-Laminar flow. In Laminar flow rooms the filtered, con-
ditioned air moves with uniform velocity along parallel flow
lines. Air flow may be vertical, that is ceiling-to-floar, or
harizontal, wall-te-wall. In non-Laminar rooms, there are no
specified airflow patterns nor any requirements for uniform
velacity.

Clean rooms should be maintained at a constant temper-
ature of 68°F-T2°F with relative humidity in the 30%-45%
range. Rooms should also be pressurized to a level higher
than the surrounding external areas, so that contaminated,
external air cannot flow into the room. Usually, a system
of interlocking doors or an air-lock entrance is employed
to insure that the clean internal atmosphere is not directly
exposed to the outside atmosphere during personnel
entrance,

Personnel traffic in and out of the clean room should be
kept to a minimum. Where feasible, pass-through windows
should be used to deliver material and supplies.

Part of the control of airborne contamination is the re-
quirement that personnel in the clean room be properly
garbed. This normally means external garb made of lint-
free, synthetic yarn over street clothes. The external garb
should be laundered frequently and treated so as to be kept
lint and dust free. All exposed hair should likewise be cov-
ergd with a suitable cap or face-mask. Wearing of cosmet-
ics, such as face powders, needs to be prohibited. Naturally,
any food, drink or smoking materials must be excluded
from the area.

INDIVIDUAL WORK STATIONS

Where a clean room is unavailable, pressurized “'clean-
benches” are recommended for bearing handling. These
clean-benches are commercially available,

Maturally, many of the same prudent practices recom-
mended for the clean-room environment are appropriate in
the clean bench as well. For example, fingers and hands
should be covered, clean instruments for baaring handling
should be used, bearings should not be removed unpro-
tected, from the controlled atmosphere of the clean bench.




Post-Service
Analysis

MPB engineers welcome the opportunity to aid our custom-
ers in post-service analysis.

Much can be learned from careful examination and anal-
ysis of bearings that have been in service. Although most
post-service examinations are made after bearing failure, it
is often helpful to examine bearings before failure occurs to
determine incipient failure modes or conditions. Often such
visual examinations yield estimates of applied loads, misa-
lignment, geometry errors, contamination levels and lubri-
cant effectiveness. Further analytical investigation can then
be made as indicated before the evidence is obliterated by
catastrophic failure.

VISUAL ANALYSIS

It is of utmost impertance that bearings returned for analy-
sis are accompanied by application history, including loads,
speeds, operating environment and failure criteria, as well
as a detailed description of the handling involved subse-
quent to failure. For maximum information, bearings should
be left just as they were at the termination operation. If
possible, they should still be mounted in the unit.

/—DEPOSW

FIGURE 18

The basic equipment necessary for visual posl-service
analysis of instrument bearings is a 10X to 40X microscope
with adequate lighting. The following discussion points out
some pertinent visual conditions and their meanings, in the
order in which they would be determined in a typical exami-
nation.

LUBRICANT

The assembled bearing should first be examined for the
appearance of the lubricant or for any residue in its place.
Fig. 18 shows the areas within the bearing to be examined.
The initial type and guantity of lubricant should be known in
order to analyze properly the past-service condition.

1. Qil Lubricant

a. Dry surfaces with little evidence of residue, or per-
haps only a slight brownish haze on ball and raceway
surfaces indicate too little lubricant, either in initial
application or because of oil migration.

b. Free oil mixed with red or brown particles indicates
partial lubrication failure. Look for high tempera-
tures, high loading or contamination.

Dry surfaces accompanied by dry, particulate resi-
due, red to black in color, both free and attached to
metal surfaces. This is an extreme progression of
condition "a" above.

1+

2. Grease Lubricant

a. Grease darkened but still oily suggests high loads or
contamination.

b. Grease darkened and dry indicates an extreme pro-
gression of the above condition or loss of oily constit-
uents through migration or evaporation.

c. Grease surface darkened and hard, with soft interior,
is probably caused by exposure to high external heat.

3. Oil or Grease Lubricant

a. Reddish deposit at ball contact indicates fretting cor-
rasion. Look for oscillatory or vibratory motion in
operation.

b. Metallic particles, if accompanied by indication of
wear on bearing components, suggest that the lubri-
caiton failed first. Otherwise, the particles may be
from a contaminant source external to the bearing.
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RINGS

The bearing inner ring will generally yield more information
from a visual analysis than the outer, since its raceway is
more exposed to view and ball contact stresses are gen-
erally higher than on the outer raceway.

The most significant feature is the “track” formed by the
balls during service. This track may present the following
appearances:

1. Matte Finish. This is usually apparent after short running
time and does not indicate incipient failura.,

2. Pitted or Etched Finish. This is usually associated with a
pattern of “dirt bringlls”"—minute impingements of mi-
croscopic conlaminants in the ball path.

FIGURE 19

FIGURE 20

FIGURE 21

3. Spalling. This is a pattern of “craters” left when a piece
of the contact surface is lost due to metal fatigue. Spall-
ing is seldom a failure mode in miniature instrument
bearings since loads are typically low. Larger more
heavily-lcaded bearings are more apt to exhibit fatigue
failure.

4. Brown, Circumferential Bands. Usually these brown
bands follow the path of rolling contact, with burnished
areas between the bands scrubbed by sliding between
balls and raceway. The brown color is the result of local-
ized high heat, typically a result of inadequate lubrica-
tion or conditions working to break the lubricant film.

The position and shape of the ball track is also sig-
nificant:

1. Track in bottom of raceway indicates a radial load.

2. Track away from bottom of raceway indicates a thrust
load and the direction of load. Visual estimate of contact
angle compared with theoretical contact angle may
point up a mounting problem.

Track width is indirectly an indication of applied load.
The wider the track, the heavier the load.

3

4. Wavy track (Fig. 19) is caused by misalignment of the
bearing race rotating in respect to the load,

5. A single wide section in the track (Fig. 20) suggests dy-
namic unbalance in a rotating member or a point of con-
stant radial load in a stationary member,

6. Multiple wide sections in track (Fig. 21) indicates out-of-
round raceway as mounted.

The raceway should be examined for brinell marks. These
are indentations caused by overloading the bearing under
radial, axial or moment loads. They may be difficult to see
and careful manipulation of the ring under the microscope
is necessary. Several types of brinells are shown in Fig. 22.

1. Evenly spaced shoulder brinells indicate excessive
thrust load. These often occur in mounting or dismount-
ingabearingorbydroppingamounted bearing
assembly.

2. Irregularly spaced shoulder brinells, in groups approxi-
mately 180 degrees apart, may result from cocking the
bearing during installation. Any two opposing groups of
brinells would be on opposite race shoulders.
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Post-Service
AnaIYSis (cont.)

3. Radial brinells, appearing in the bottom of the race, are
the result of high static radial loading or shock loading.

QOuter races should be examined for track irregularities
and brinell marks in the same way as the inner races. Outer
race markings are usually less well defined than those on
inner races, However, correlations will exist between visual
characteristics of the inner and the outer races.

/*RhDIAL BRINELL

/ |

é (I

THRUST BRINELL
RADIAL BRINELL

>

A

SECTION AA

FIGURE 22

EXTERNAL SURFACES

An examination of inner ring bore, outer ring OD and both
ring face surfaces can also provide significant information.
Axial scratches on bore and OD surfaces indicate a press fit
on shaft or in housing. Tapered mating surfaces are indi-
cated by axial lines not extending across the entire ring
width, Unmarked sections indicate out-of-round shaft or
housing. Slippage of a race on the shaft or in the housing
will be apparent from circumferential scratches on the cor-
responding ring surface, sometimes accompanied by wear
debris. Ring faces also may show similar indications of slip-
ping, as well as damage occurring from improper mounting
or dismounting.

BALLS

Figure 23 shows several markings that cccur on balls. Matte
finish wear bands indicate operation under continual high
thrust loads. A light, uniform, matte finish is a result of bear-
ing operation in a lightly contaminated condition. Protuber-
ances or depressions may be caused by low potential
electric currents passing through the bearing. Where this
characteristic is observed, evidence of arcing may also
exist on bearing bore and QD surfaces.

FIGURE 23

RETAINERS

The normal progression of events leading to bearing failure
ultimately cause retainer wear and distortion sufficient to
stop rotation completely. Seldom is the retainer itself re-
sponsible for failure. However, where incipient failure
modes are at work in the bearing under examination, the
retainer condition frequently can lead the analyst to the
source of the problem.

Partial lubricant failure or lack of sufficient lubricant will
result in retainer wear on the land-locating surfaces. Wear
patterns an non-metallic retainers often indicate dynamic
out-of-balance or the presence of forces acting on the re-
tainer from outside the bearing.

The ball pockets tend to trap enough lubricant residue
and wear debris to be visible before they are apparent in
other parts of the bearing. These accumulations of debris
can provide evidence of incipient failure.

RETAINER WEAR FOR
INMER-LAND PILOT

~ TYPICAL LOCATION
OF WEAR DEBRIS
AND FAILED

EXAMPLE OF LUBRICANT
SEVERE BALL -

POCKET WEAR

_RETAINER WEAR FOR
OUTER-LAND PILOT
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Qual Ity MPB maintains the latest in measuring and diag-

nostic equipment backed by a team of trained

ASS u ra n ce Quality Assurance professionals. The highest stand-
ards of customer satisfaction are assured.

MPB promotes a continuing commitment, backed by the necessary investments, to produce the highest
guality bearing products available anywhere in the world. Those investments take many forms... starting
with a guality product design and review of manufacturability... to the purchase or construction of specialty
manufacturing and measuring equipment. In addition, investments in the development of critical human
skills, the analysis of new materials and testing of products in application, are often collaborative efforts
with our customers. All of this is done with one goal in mind... to assure that our products as well as our
customers' products meet or exceed performance levels for which they were designed.

MPB’s quality control organization works to assure that high standards of quality and performance are
met consistently by monitoring systems, procedures, tooling, gaging and equipment. The primary goal
of the program is prevention, rather then detection of defects. Controls are established, not only in
product areas, but among the support groups as well.

MPB's quality control systems for inspection and gaging comply with the requirements of a wide variety
of Government and commercial specifications. Practices such as continual unit gaging and inspection,
including statistical process control are an integral part of the manufacturing process. Also... when
required, several levels of traceability can be provided in accordance with various military and NASA
specifications or the customer's own specification.

Cur manufacturing facilities are modern, clean and equipped with the latest equipment designed to ensure
manufacturing guality. Final inspection, assembly and packaging of bearing products are done in a
“clean room” environment, where stringent controls are maintained to assure contamination-free products.
It is in these clean rooms that final performance tests are made and the products are documented to
specification.




Applications

The chart below provides a general guide to miniature and instrument bearing
selection beyond basic size considerations.

While a variety of typical situations are listed, many specific bearing applica-
tions are not covered directly. The chart is intended only to suggest reasonable
parameters for bearing specification. It also provides data from which nonlisted
application requirements may be interpolated.

If you have any question as to proper bearing selection for your application,
MPB bearing engineers are readily available to assist you. See inside back cover
for the location of the nearest MPE Sales Engineering Office,

Typical Material
Application Bearing Type Rings and Balls Radial Play
Synchro Radial 00027 to .0005" is typical.
ol Retainer AIS| 440C [0005" to 0008 if end play is reduced by shimming
Miniature or preloading.
s Radial 0002 to .0005" is typical.
M%TE: Retainer AISI 440C 0005 to 0008 if end play is reduced by shimming
0 Miniature or preloading.
Gear Radial AIS! 4400 0001 o .0003" for low speed.
Train Miniature .0003" to .0006" for high speed.
Angular
gm Contact SAE ?21 00 Radial play value corresponding to specific contact angle
AEII;. Miniature or AISIU 4400 within 15° to 357 range.
Thin Section
Radial " - N
Gyro Gimbal Retaner " 000110 000" shimming s mpracical.
Thin Section SAE 52100 St:fEard radial play for thin section bearings.
Tape Radial
Guide Retainer AIS! 440C 0005" to .0008"
Rollers Miniature
el
Handpiece High Speed AIST 4400 0003" to .0006"
Air Turbines Miniature
Fuel Thrust
Control Bearin AIS| 4400 N/A
Governor g
Disk Drive Radial 0002" to .0005" after , ,
‘ . . press fit an pin is typical.
Carriage Retainer AIS| 4400 ; ;
Bearings Miniature 0005 to .0008" also common,
Disk Drive Radial
Rotary Retainer SAE 52100 Standard of .0003" to .0008" or
Actuator Thin 0005 to .0011" depending on size.
Bearings Section
e N
Wave Guide Thin AlSI 440C 005" to 00117 is typical.
Bearings Section J
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Lubrication

Application Comments

Minimum amount of MIL-L-6085A instrument oil
typical (LOC-2), light silicone fluid for wide tem-
perature range (LYC-5).

Shields desirable to protect against brush wear debris. Low starting torgue and
low radial runout requirements typically require ABEC 5P or ABEC 7P bearings.
“Thin width™ special bearing designs allow precise assembly of unit without
removing end bells and allow space for longer rotors in same external envelope.

Instrument grease typical (LG-31), high temper-
ature grease for high temperature operation
(LY-198).

Shields desirable. Consistent torque and low radial runout typically require ABEC
5P or 7P. “Thin width" special bearing designs wseful. Machined “MC"' or
“MCJ" type retainers desirable for severe operating environments (e.q. vacuum,
high temperature, or cryogenic).

MIL-L-6085A instrument oil for light loads and low
speeds (LO-2), instrument grease for greater
lpads and speeds (LG-31).

Shieids desirable for protection from gear wear debris. Extended inner rings
allow assembly without use of bosses or separate spacers. Flanges allow
through-bored housings without snap rings. Degree of allowable radial runout
and driving torgue in unit determing ABEC class.

Synthetic hydrocarbon oil impregnated into
porous ball retainer and excess oil remaoved.

Gyro wheel deflection rate reguirements and available driving torque dictate
preload and contact angle specifications. Better than ABEC 7P tolerances often
necessary for bearing performance and life. Bearing design should relate to
overall gyro wheel design. Contact MPE engineers for bearing design service,

Minimum amount of MIL-L-60854 instrument oil
(LOC-2).

Low starting torque critical. Loose clinch ribbon retainers or toroids preferred.
ABEC 7P, ABEC 5T or better tolerances.

MIL-L-6085A instrument oil (LO-2)

Shields desirable. Flanged and extended inner rings may facilitate roller design.
End play shimmed out or light preload spring used to maintain position and
reduce noise. Unit runout and noise requirements determine ABEC class.

Air oil mist via turbine air supply or daily aerosol
spray lubrication.

Machined phenolic or molded plastic retainer allows speeds in excess of 400,000
rpm. Partial shimming out of end play or light preload desirable. Geometry
control of shaft and housings critical. ABEC 7P or betler tolerances. Porous
retainers preferred with aerosol lube.

Bearings immersed in fuel as only lubricant,

High thrust load capacity. Bearing [ife determined by maximum allowable wear
of balls and races.

A channeling type grease such as LG-39.

Shields desirable as bearings are exposed. The bearings operate in a frequent
random oscillatory mode. Torgue uniformity is important to the accurate and fast
positioning of the carriage. Radial outer nng runout is controlled by ABEC class
or by use of a tighter controlled special outer ring. The bearings are often press
fitted on a pin or employ an integral inner race and shaft.

A channeling type grease such as LG-39.

Thin-section-type bearings are the most commanly used. At least one shield is
desirable. The bearing operation is small angle random oscillation. High hard-
ness to combat adhesive wear is recommended. In some cases, special heat
treatment may be beneficial. ABEC 5T precision levels are recommended.

Instrument bearing grease often applied as a
grease film.

Shielded or sealed bearings are most often used. The operation is normally
moderate speed continuous rotation. Sealed bearings are often required to act
as air pressure seals in addition to excluding contaminants.
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Specializing in solving unique application problems.

Producing special miniature bearings as small as .059” OD.

Manufacturing a full range of standard instrument bearings.

Excelling in producing precision rotating assemblies.

imken Super Precision produces a wide range of

bearing products serving the aircraft/aerospace,

computer, dental, medical, and numerous other
industries. For more information on our products,

consult your Timken Super Precision Sales Engineer,

or contact Inside Sales, Timken Super Precision, P.O.
Box 547, Keene, New Hampshire 03431. Tel. (603) 352-
0310. Visit our web site at www.timken.com/mpb.




Manufacturing Divisions:

Timken Super Precision (MPB), Keene, NH

Standard and special precision miniature and instrument
“bearings .059” to 1.5” 0D, thin section bearings .625" to 6.0” 0D,
air-frame bearings, computer disk spindles, and precision
gimballed and rotary assemblies.

Tel: 603-352-0310, Fax: 603-355-4553

E-Mail: mpbbox@timken.com

Internet: http://www.timken.com/mpb

Timken Aerospace, Lebanon, NH

Standard and special high precision ball and roller bearings
and integral assemblies, to 24” 0OD.

Tel: 603-448-3000, Fax: 603-443-5202

Timken Aerospace Services (PBC), West Lebanon, NH
FAA/JAA - approved center for remanufacturing of aircraft
bearings.

Tel: 603-298-6155, Fax: 603-298-6157

Handpiece Headquarters, Orange, CA

Repair and overhaul of dental handpieces and
distribution of handpiece replacement parts.

Tel: 800-557-7867 © 714-685-3070, Fax: 714-921-1852
E-Mail: handpiece@timken.com

Internet: http://www.handpieceheadquarters.com

Timken Aerospace & Super Precision Bearings - Europa BV
Medemblik, The Netherlands

Assembly of precision miniature and instrument

bearings and precision bearing products.

Tel: (31) (0) 227 - 542344, Fax: (31) (0) 227 - 544552

Timken Aerospace & Super Precision Bearings - UK Ltd.
Wolverhampton, England

Standard and special precision ball and roller bearings
for aerospace mainshaft, gearbox and transmission
applications to 18.5” OD.

Tel: (44) (0) 1902 - 773300, Fax: (44) (0) 1902 - 771448

Timken Aerospace & Super Precision Bearings -
Singapore PTE Ltd., Kallang, Singapore
Assembly of precision miniature and instrument
bearings and precision bearing products.

Timken Aerospace & Super Precision Bearings serves
both OEM and aftermarkets throughout the world.
Tel: (65) 841 - 4380, Fax: (65) 841 - 4485

Ideas in Motion

International Sales Offices:

EUROPE / AFRICA

Timken Aerospace & Super Precision Bearings - Europa BV
Overleek 9, 1671GD Medemblik

P.0. Box 27, 1670AA Medemblik

The Netherlands

Tel: (31) (0) 227 - 542344, Fax: (31) (0) 227 - 544552

FRANCE

Timken Aerospace & Super Precision Bearings - Europa BV
Succersale, France

Bureau A101

14 Bis, rue de Mal Foch

77780 Bourron-Marlotte

Tel: (33) (0) 1 64459880, Fax: (33) (0) 1 64459830

GERMANY / AUSTRIA / SWITZERLAND

Timken Aerospace & Super Precision Bearings - Europa BV
Beratungs - und verkaufsniederlassung

Obertorstrasse, 3

D-97737 Gemunden am Main

Germany

Tel: (49) (0) 9351 - 3013, Fax: (49) (0) 2 - 5466163

ISRAEL

RDT Components Ltd.

P.0. Box 58013

61580 Tel Aviv, Isreal

Tel: (97) 3 6450707, Fax: (97) 3 6492413

ITALY

GIMAR di D.F. e M. Giordano

via Busoni 7a

20137 Milano, Italy

Tel: (39) (0) 2 - 5516918 / 5512004, Fax: (39) (0) 2 - 5466163

SCANDINAVIA

Svensson & Svensson Ingenjorsfirma AB

P.0. Box 141

S-691 23 Karlskoga, Sweden

Tel: (46) (0) 586 - 371 50, Fax: (46) (0) 586 - 379 80

SINGAPORE

Timken Aerospace& Super Precision Bearings -
Singapore PTE Ltd.

Block 1, Kallang Sector, #06-04

Singapore 349276

Tel: (65) 841 - 4380, Fax: (65) 841 - 4485

UNITED KINGDOM

Timken Aerospace& Super Precision Bearings - UK Ltd.
P.0. Box 667, Upper Villers Street, Wolverhampton
West Midlands, WV2 4UH, England

Tel: (44) (0) 1902 - 773300, Fax: (44) (0) 1902 - 771448

TIMKEN




