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by Michael Wheaicroft,
American Bureau of Shipping, U.S.A.

ABSTRACT

This paper, which includes data from hundreds of
propeller shaft surveys, will focus on the effects of
welding and cladding on propelier shaft cracking. It
will include specific recommendations, especially
with respect to cladding, which should lead to
improved service life of propeller shafts.

INTRODUCTION

Failure of the proppeller shaft can expose a ship to
danger, especially if failure occurs in rough coastal
waters where stranding is a hazard., Even if the
shaft failure does not lead to catastrophe, it is, at
the least, an expensive failure in replacement costs,
labor, and loss of revenue. In shor, the integrity of
the propeller shaft is vitally important. The integrity
of the propeller shaft is threatened by a greater
variety of strains and environmental influences than
probably any other component in the vessel:
torsional fatigue, cyclical bending fatigue, corrosion,
corrosion fatigue, fretting, shock. ABS requires
surveys of propeller shafts at prescribed intervals
throughout their service lives to detect and correct
damages resulting from these influences. Most of
the data presented in this report is from Surveyors’
observations during surveys conducted during
1974-18978. Other data (fortunately a minor
proportion) is from non-scheduled surveys
conducted as a result of major damage sustained at
sea. Discussion will be confined to cracking in
conventional (tapered solid steel) propeller shafts; it
does not cover hollow flanged shafts, or problems
with fitted liners, but does deal in detail with clad
liners and with weld repairs to propeller shafts.

Discussion

For the purposes of this report the propeller shaft is
divided into three zones (See Fig. 1): (A) in way of

the propeller hub, (B} forward of the hub to the
forward end of the aft liner, (C) forward of the aft
liner. Crack severity is also divided into three levels:
(1) Cracks repaired and shafts reinstalled in the
vessel, (2) cracks too severe to repair in situ,
resulting in condemnation of the shaft or repair by
welding, (3) cracks resulting in loss of the propeller
at sea.

The tapered aft end of the shaft takes the propeller,
which is usually fitted to the shaft by means of an
axial key. Most cracks occurring on the taper (Zone
A) develop in the keyway or at the forward end of
the propeller fit. Although the stress raising aspect
of the keyway may seem to be the obvious cause of
the former, it is often complicated by water ingress
at the forward end of the keyway leading to a
corrosion fatigue type of cracking. The detrimental
effect of corrosion on the fatigue life of shafts is
illustrated in Fig. 2, which shows that in air there is
a definite fatigue limit whereas the corrosion fatigue
curve shows no true fatigue limit, therefore, in
principle, failure will occur eventually at any stress.’
This is a clear illustration of the importance of
preventing sea water ingress to the shaft by
protective sealing arrangements.

The forward end of the propeller fit is prone to
fretting action (resulting from slight relative
movements between shaft and the hub), the
products of which may lead to a corrosion fatigue
condition. For details on fretting related damage,
and cracking associated with the propeller fit and
other design considerations, the reader is directed
to References 1, 2 & 3. Of all cracks reported in this
paper, 65% occurred in Zone A, and 70% of these
were in way of the large end of the shaft taper.
Stress levels in Zone B can be quite severe
because of high cyclical bending forces from thrust
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eccentricity imparted by the propeller and because
of stress concentrations in this zone, especially for
twin screw vessels utiliczing outboard struts. Another
“factor in liner-related cracks for certain vessels is
the clad welded liner, which will be discussed later.
Zone C experiences milder bending forces and
corrosion . with a consequent reduction in crack
frequency, although corosion of stainless steel
cladded shafts in way of the stem tub can result
from oxygen depletion, which destroys the passive
oxide film on the stainless.

Cracks are the most insidious and dangerous of
defects, and stem from a variety of causes. Given
the possibility that cracks can occur (although
suggestions will be given to reduce the risk), it is
essential that they be detected before leading to
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complete failure or to expensive repair. This is one
of the main functions of the propeller shaft survey.

Cracks in propeller shafts, as with most cracks in
rotating machinery components, are almost always
fatigue induced, or fatigue related. Fatigue, and
fatigue failure, are familiar terms, the basic
cause/effect relationships of which are shown in Fig.
3. (Figure 4 illustrates the basic factors affecting
fatigue properties.) It is sometimes overlooked that
nearly all fatigue failures are stress concentration
failures; in fact fatigue failures are usually surface
failures, the reasons for which are: (1) Eccentric
loads. Applied loads are rarely truly axial: some
bending or twisting always exists (as is the case
with propeller shafts). (2) Corrosion, erosion, etc. all
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Fig. 3 - Fatigue — cause and effect

create surface pitting from which cracks can
nucleate (also a problem with propeller shafts). (3)
Plastic deformation: this occurs most easily at the
surface as there is less restraint than in the interior;
therefore, surface or near surface imperfections are
considerably more dangerous than deep-seated
imperfections.

To minimize cracking to propeller shafts it is
essential to:

1) Reduce stress concentrations in a new shaft by
spooning keyways, fitting the propeller correctly,
eliminating surface defects, minimizing design
stresses, and providing adequate seals against sea
water (see Reference 4). This eliminates the
causes of fatigue cracks.

(2) Systematically and thoroughly inspect the shaft
during its life in order to detect crack and other
discontinuities that concentrate stresses.

APPLIED STRESS
¢ Magnitude
¢ Axiality
e Concentration
STRESSED BODY
e Chemistry
o Microstructure
e Macrostructure
ENVIRONMENT
e Temperature
e Corrosion

Fig. 4 — Basic factores affecting fatigue properties

(3) Use appropriate repair techniques to remedy the
effects. As this paper resulted from hundreds of
periodic inspections, it will briefly cover how the
inspections were made, what was found, and what
could be done by way of improvements (effect
cause remedy).

The Propeller Shaft Survey

The basic survey intervals for propeller shafts are
shown in Table 1. For inspection purposes the
propeller is removed, and the shaft uncoupled and
drawn inboard or removed from the vessel. The
areas given the most attentive inspection are the
keyway, the forward end of the propeller fit, and the
aft end of the stern bearing contact area, as these
are areas found by experience to be susceptible to
cracking; inspection by magnetic particie method is
usually carried out - Ultrasonic (UT) examination
under the liner is highly recommended, and can be
carried out using shear wave probes from the taper.

Corrective Action

If a crack is detected there are three possible
courses of action depending on crack severity:
Grind or machine out the crack, and reinstall shaft.
Remove crack and repair by welding. Condemn the
shaft. The guidelines® used by ABS in deciding
which measure to take are, for shafts no greater
than 255 mm diameter:

Grinding — For crack depths <3.2 mm

Welding — For crack depths > 3.2 mm to 1/5 shaft
dia.

Condemned — For crack depths > 1/5 shaft dia.
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Grinding — For crack depths <6.4 mm

Welding — For crack depths > 6.4 mm to 1/5 shaft
dia.

Condemned - For crack depths > 1/5 shaft dia.

Welding on propeller shafts of ABS classed vessels
may be performed only at specially qualified
facilities.

Repair of Cracks by Grinding or Machining

The removal of superficial cracks from propeller
shafts by grinding or machining is a common
procedure: 60% of the cracked shafts in the five
years of the study were repaired in this way. An
indication of the effectiveness of this procedure was
gained tabulating those cracks that were reported in
way of previous grinding repairs — only (17) such
cracks were reported, and the proportion of shafts
exchanged (30%) was similar to that for overall
replacement.
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The important points to consider when repairing a
crack by mechanical methods are: (1) that all trace
of the original crack has been eliminated; this is
usually accomplished by means of magnetic
particle or dye penetrant techniques (it is not
possible, from a practical standpoint, to assure
that all underlying fatigue damage has been
eliminated.) It is recommended, however, to take an
additional cut, beyond the last evidence of the
crack, (2) that the area ground or machined is
smoothly contoured and of a smooth finish. As
almost all propeller shafts in ABS vessels are of a
low to medium carbon steel, it is unlikely that any
metallurgical damage will result from injudicious
grinding.

Repair by Welding

The important basic factors in repairing a cracked
shaft by welding are:

(1) removal of all evidence of crack, (2) proper joint
design, (3) appropriate welding and heat treatment
procedure, (4) inspection during welding and after
post-weld heat treatment.

Table 1

ABS Propeller Shaft Survey Intervals (Years)

Type of
service and design

Single Screw Multiple Screw

1. Fresh Water Exclusively
a. Water-Lubricated
b. Oil-Lubricated

5
s+ 1)

2. Fresh Water and Sea Water
a. Water-Lubricated
i) Cont. Liner or
equivalent
ii) All Other Shafts
b. Qil-Lubricated

Note*

3 (5.2) 4 (5.2)
3 4
5(+ 111y

1. For oil-lubricated bearings, an extension of one year may be considered,
when requested by the Owner, on the basis of satisfactory service record
and an external examination of the inboard and outboard seal assemblies
together with a bearing wear down check at the end of five year period.

2. Applicable to tailshafts protected by a continuous metallic liner, or
continuous cladding or fibeglass reinforced plastic coating between liners
installed according to approved procedure which effectively prevents
seawater from contacting the steel shaft, or which have shafts of
corrosion-resistant materials; the survey may be extended to five years,
provided that in addition to the propeller hud details given in the rules, the
design includes other features that would further reduce stress
concentrations in the propeller assembly.
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Facilities which intend to weld on ABS propeller
shafts must be qualified in accordance with the
Bureau's Guide. This Guide which was published in
1980, (although the contents were in the form of
circulars of instruction before this), contains
requirements for grinding, welding, cladding, and
straightening or propeller shafts.

Facility Qualification for Welding Cracked
Propeller Shafts®

In brief, the ABS procedure is as foliows:

1. Submission to the Metallurgy Department of
detailed welding and heat treatment procedures.

2. UT procedure for examination beneath a fitted
liner,

3. Preparation of a weld test shaft. The weld test is
to contain a deep groove as shown in Fig. 5.

4. Preparation of a UT test shaft. The UT shaft is to
contain actual or simulated cracks of 1.6 mm
depth located forward of the shaft taper in a
configuration as indicated in Fig. 6. The UT
operator is required to detect these “defects” by
scanning from the shaft taper.

5. Welding and UT inspection of the test shafts
conducted in the presence of a Metallurgy
Department Surveyor.

6. Welded test shaft sent to a Laboratory for testing
in the presence of a Bureau Surveyor.

7. Tests conducted to determine mechanical and
microstructural properties and weld integrity.

At present there are 16 facilities qualified by ABS,
in Europe, and the United States to weld propeller
shafts. Production welding of a fractured shaft is
conducted under the surveillance of a Bureau
Surveyor. It is worthy of mention that during the five
years of the study not a single ABS propelier shaft
welded by an approved facility suffered a
weld-related fracture. One shaft with a cracked weld
has no ABS approved stampings, and was
presumably welded without an approved procedure
and not under the supervision of a Surveyor.

THE DATA: Having brietly discussed the service,
inspection, and repair of propeller shafts, results of
the five year survey will be summarized. As
mentioned earlier, it is a requirement of ABS that
propeller shafts in service be inspected by Bureau
Surveyors (Table 1). an important function of these
prescribed Surveys is to detect cracks. During the
period 1974-1978, when most of the roughly 7,000

3.5
(8% in.

Fig. 5 — Joint design for weld repair in solid shafting
for procedure approval

self-propelled vessels in ABS class should have
undergone at least one propeller shaft inspection,
612 shafts were reportedly cracked. These.cracks
were categorized for the purpose of this paper into
three severity levels (see Table 2).

Severity 1. Shallow cracks removed mechanically
(grinding or machining), and the shaft
reinstalled in the vessel. 60% of the
cracked shafts were in this category.

Severity 2: Cracks too deep (by ABS Guidelines) to
permit mechanical removal: shaft
exchanged or welded by an approved
facility if no deeper than 20% of shaft
diameter. 35% of cracked shafts.

TABLE 2

Crack Severity & Location
(612 Cracked Shafts)

% of Cracks Reported

Severity 1 60
Severity 2 35
Severity 3

Zone A
Zone B
Zo'r,\e C

P~NB&R o




[image: image7.png]“CRACKS" 1.6MM x 1.6MM x 75MM

SHEAR WAVE |
TRANSDUCER
] B

U | 250MM
(APPROX.)

Al

300MM

N\
h

Fig. 6 — Ultrasonic test shaft

S3OVINVQA 14VHS H3713d0Hd INIHVYIN




[image: image8.png]MARINE PROPELLER SHAFT DAMAGES

Severity 3: Complete fracture of the shaft, usually
resulting in loss of the propeller at sea.
5% of cracked shafts.

The locations of the cracks were summarized by
dividing the shaft into three zones:

A : In way of the propeller hub (including the
keyway) - 65%

B : Forward of the hub to forward end of aft

B : Forward of the hub to forward end of aft liner -
26%

C : Forward of the aft liner - 7%
not reported - 2%

Examining Severity 2 & 3 cracks(those resulting in
shaft replacement) by vessel type (Table 3) showed
that. Tug/Supply vessels had a replacement
frequency more than double that of other vessel

liner — 26% types. Further examination of the data revelead that

Zone B incurred the highest crack frequency in

C : Forward of the aft liner - 7% Tug/Supply vessels (Table 4). This is contrary to
other vessel types which experienced the highest

not reported - 2%

The locations of the cracks were summarized by
dividing the shatt into three zones:

A :In way of the propeller hub (including the
keyway) — 65%

crack frequency in Zone A, which has been the
historical tendency in ocean-going vassels.* The
high proportion of liner-related cracks in Tug/Supply
vessels (Table 4) may be related to a number of
factors peculiar to design and. operation, although
the now common use of clad-welded stainless steel
liners is believed to be the best contributing factor
(Table 5).

TABLE 3-Crack Severity by Vessel Type

Total No.
of Cracked Shafts % Severity 2 & 3

Tanker 135 37

Bulk Carrier 129 23

General Cargo 102 33 31
Container 31 29
Combination Carrier 26

Tug/Supply 158 é

Other 31 35

TABLE 4 — Tug/Supply Vessels
Locations of Severity 2 & 3 Cracks

Number of Shafts

in Way of Hub 22
In Keyway 9 z Zone A

Between Hub & Liner 15
In Way of Liner $ Zone B

Between liners 19
Coupling End 2 ‘ Zone C

? 5

TOTAL 114
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TABLE 5

Tug/Supply Shaft Cracking
Related to Cladding or Metal Spraying
Metal Sprayed Surface Cracked 4

Cracks at Clad Weld Junction 18

Cracks in Cladding

Shaft Cracking in Tug/Offshore Supply Vessels

The conventional bronze shaft liner is shrunk onto
the shafts and this type is still the preferred liner for
most ocean — going vessels. The use of cladded
stainless liners has grown tremendously over the
past fifteen years. lts use has grown to include
virtually all propeiler shafts used on tug/offshore
supply vessels built on the U.S. Gulf Coast. The
cladded liner is cheaper than the bronze fitted liner,
is easily repaired, and has good wear resistance.
Also, as many tug/supply vessels operating in U.S.
coastal waters use stainless steel propellers, repair
yards have developed expertise in making stainless
steel weld repairs, which has helped further the
introduction of the weld cladded liner. The ABS
weld procedure tests for evaluating the ductility of
the cladded joint are shown in Fig. 7.

Although data show that these liners are associated
with a high frequency of fracturing, it should be
pointed out that there are a number of factors
peculiar to the design and operation of these
vessels that expose their propeller shafts to a
relatively high risk of damage.

Firstly, as tug/supply boats operate in
harbor/offshore waters, they encounter a greater
frequency of floating debris and shallow waters than
transocean vessels; therefore, damages from
accidental propeller strikes are more likely.
Secondly, propellers are heavier for a given shaft
diameter compared with most other vessel types,
thereby inducing relatively high surface stress
(maximum  surface stress being inversely
proportional to the cube of the diameter for a given
bending moment). Also, these vessels are
commonly equipped with twin shafts supported by
outboard struts; maximum bending moment for this
configuration is usually in way of the aft (strut) liner.
Cladding further complicates the picture by
producing residual tensile stresses at the surface. A
recent Japanese study” showed the fatigue life of
cladded shafts to be restored by cold rolling.

6

Cladding may also result in a relatively brittle HAZ
or interface layer, and contain weld defects. It is
important, also, that all cladded areas be machined
to a smooth finish, both to facilitate inspection and
to eliminate potential fatigue crack sites. Probably
the most detrimental effect, however, is the high
galvanic potential (in sea water) between stainless
and carbon steel (double that of a bronze/carbon
steel), leading to severe pitting at the shaft/liner
interface (Fig. 8) and in areas not completely
covered by cladding, thereby giving a greater risk of
corrosion fatigue fractures.

It is possible to precisely determine what proportion
of each of the above contributed to the cracking, but
it seems reasonable to conjecture that, in general,
clad or sprayed liners can adversely affect propeller
shaft life (60% of Severity 2 and 3 cracks reported
in way of liner were associated with stainless steel).
This report is not meant to be a condemnation of
the clad welded liner, which has certain attractive
advantages over the fitted bronze liners, but to point
out that premature shaft replacement can result if
certain precautions are omitted. Several measures
can be taken to mitigate the influence of cladding
on shaft life. However, ABS does not recommended
the thermal spraying of liners.

Conclusions

1. Grinding repairs were generally carried out
successfully, and no revision to the ABS
guidelines is felt necessary.

2. Welding repairs, as carried out under ABS
guidelines, appear to be successful, and as such
no major technical revisions to these are
warranted. Nevertheless, as most shafts are
made of ABS Grade 2 steel (ASTM A668 Grade
B), which has no limiting carbon content, it
should be a consideration to impose a maximum
of 0.35% as an added assurance of weldability.

3. Cladding of shafts has led to premature failure
owing to a wvariety of reasons. (See
Recommendations.)
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Recorhmendations

1.

Take every possible precaution to prevent water
access to the shafts; use a fiberglassing
procedure, such as NAVSHIPS 250-634-4.

. Use a nickel rich initial clad layer, such as type

309, or 310 to minimize dilution effects, thereby
obviating a brittle layer of martensite. Select
welding parameters which minimize dilution
effects, and use ‘L’ Grades.

. Minimize welding heat input to retard HAZ

embrittlement, especially with alloy steel shafts
that are sensitive to heat effects.

. Total cladding thickness should be no less than

3/16” after machining to reduce the likelihood of
corrosion pits extending to the base metal
(especially important in oxygen depleted areas
such as the stemn tube).

. Reduce inspection interval. Inspect frequently

using dye penetrant, paying close attention to
the interface between the stainless and the base
material.

. Machine to a smooth finish (125 microinch

maximum) all areas of cladding. Inspect, using
dye penetrant after machining.
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SECTION I. PROPULSION SHAFTING
Part 1. General

9430.1 PRIMARY PURPOSE

The primary purpose of propulsion shafting is to trans-
fer the torque generated by the main engine to the propeller
and to transmit the thrust developed by the propeller to the
thrust bearing in the ship.

9430.2 SYSTEMS DESCRIPTION

Sections of shafting outside the skin of the ship are sup-
ported usually by bearings located in struts, skegs, and
stern tubes. Inside the skin of the ship, shafting is sup-
ported on line shaft spring bearings, To prevent water from
flooding the ship through the areas where the shafting
pierces the hull, there is installed a sealing system. Newer
ships are equipped usually with the following sealing
systems:

1. For surface siiips. A split inflatable seal is installed
aft of a stuffing box and gland which is designed for the
alternate use of the split face-type seals or conventional
packing.

2. For submarines. A split inflatable seal is installed
aft of a single or tandem prime split seal assembly and,
forward of the prime seal unit, a stuffing box, packing
and a gland is installed to serve as a standby scal in the
event of failure of the prime seal.

The above inflatable seals are for use only when repair-
ing or replacing the prime split seals with the ship water-
borne and the shaft at rest.

9430.3 CONSTRUCTION
Propulsion shafting for vessels in naval service is usually
forged in sections from alloy steel ingots and is generally

holiow bored from end to end in combatant ships in order
to accomplish a saving in weight. The after sections of the
shafting are exposed to seca water. As a consequence, this
shafting, which is inaccessible except when the vessel is
dry docked, must be protected from salt water corrosion
(pitting) in order to avoid failure from corrosion fatigue.
These after sections of shafting are protected by rubber
or plastic covering applied over the exposed areas of the
steel shafts.

9430.4 PITTED SHAFTING

Cases of severe pitting in outboard shafting, which have
resulted from damaged or porous covering, or lack of cover-
ing, should be referred to the Naval Ship Systems Com-
mand for a calculation to determine the working stress
and for a decision relative to compliance with NAVSHIPS
design standards and the suitability for future service. In
the event that the pitted shafting is approved for recondi-
tioning and for further service, the sharp edges of the pits
should be well rounded by grinding to reduce stress con-
centration points and the corroded areas should be dressed
down to the solid metal surface. Ground out pits and
corroded areas, where extensive and of shallow depth,
shall be filled with approved cavity build-up material.
Pits and corroded areas beyond allowable depths shall be
built-up by welding. The entire treated surface of the
shaft should be recovered with protective rubber or plastic
materials.

9430.5 VIBRATION

In the event of the excitation of objectionable vibrations,
the shafting sections should be checked for straightness in
the shop. Dial indicator run-outs of shafting ends (at the
propeller or coupling tapers) preferably should be less than
0.005" total (0.0025" ecéentricity) in order to preclude
the excitation of first-order vibrations (one vibration per
shaft revolution). Run-outs in excess of the figure given
above, which are found to afford unacceptable ship’s per-
formance, must be rectified or a replacement shaft section
must be obtained and installed.

9430.6 BENT SHAFTING

In cases of severely bent shafting, NAVSHIP’S approval
should be obtained prior to the yard’s proceeding to
straighten the shaft. The repair to the shafting section
may be accomplished by utilizing cither the “hot spot™
heating method, or heating by electric induction and then
using mechanically controlled forces in the straightening
operation. A full report of the repair procedure, record-
ing the final eccentricities of the finished shaft, should
also be forwarded to NAVSHIPS.

9430.7 CRACKS IN SHAFTING

Cracks where found in propulsion shafting should be
explored and a thorough probe made to determine the
depth and the length of the cracks. Welding of cracks, by
NAVSIIPS-approved methods, is satisfactory on all types
of propulsion shafting, and the shipyards, on NAVSHIPS’
certified list for welding, may perform this work as required
without specific approval. A complete report of the repair
by welding should be forwarded to NAVSHIPS.

9430.8 ECCENTRICITY
The dial indicator “runout” for any length of shafting,
with respect to the axis of rotation, exclusive of journals.
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of approximatcly 0.010.” If “runouts” slightly greater
than this figure are found when the shafting is rotated
360°, it is desirable that the shipyard reduce this eccen-
tricity to the lowest limit possible before reinstalling the
shafting. A record should be kept of all installed shafting
where eccentricities exceed this figure of 0.010" and re-
placement should be obtained if objectionable first order
ship’s vibration is still reported to be present.

94309 ELECTROLYTIC ACTION

Steel shafting exposed to sea water must be protected
from electrolytic action between the steel shaft and the
bronze bearing journal sleeves by a rubber or plastic pro-
tective covering applied over the exposed steel areas.

9430.10 PLUGGING SHAFT ENDS

All shafting that is exposed to sca water and which has
been bored throughout its length must have both ends prop-
erly plugged in order to prevent water from seeping into the
hollow shaft and into the ship itself. Several methods are
satisfactory for attaching the plug ends. The shaft bore
may be tapped with a tapered pipe thread and the plug
fitted and installed with thread compound to assure water
tightness. Asan alternate method, the shaft end may be
couriterbored and the plug machined for a shrink fit by
cooling the plug and allowing it to expand tight into the
shaft bore, The plug in the aft end of the propeller shaft
is threaded. At least one threaded plug is installed in each
szction of outboard shafting to permit drainage of con-
densed steam when rubber covering is installed and to per-
mit installation of rust preventive compound. Scctions of
shafting which are positioned inboard should be similarly
plugged, but only one end of the shafting is required to be
plugged in order to prevent fluids from flowing from one
compariment in the ship into the next compartment
through the shaft bore.

9430.11 SHAFT SEALS

Operation and maintenance of the prime seals shall be
in accordance with instructions contained in the manufac-
turer’s manual.

Inflatable seals, seal assemblies and stuffing boxes are
to be mounted concentric with the shaft to accommodate
the motions of the shafting during operation. Periodic ad-
justments shall be made to maintain concentricity of the
seal assemblies with the shaft axis during the weardown of
the stern tube bearings.

In the tandem seal arrangement, the forward seal shall
be the prime scaling unit and the aft seal shall be the spare
unit. This arrangement provided for the immediate opera-
tion of the aft spare unit in the event of failure of the for-
ward prime sealing unit.

The split inflatable rubber ring seal, installed aft of the
prime seal assembly, shall be used when it is riecessary to
sepair or replace the prime scaling elements with the ship
waterborne. The following instructions are provided for
guidance in operating and testing the split inflatable ring
scal:

1. The split inflatable ring seal shall not be pressurized
except when ship is waterborne and shaft is at rest (not
rotating).

2. The inflatable seal rings should be tested periodicaily
at intervals of about every six months to assure that they
are operable, Ten minutes duration pressurized is con-
sidered adequate for thesc periodic inflation tests. Sub-
marines should conduct their inflation tests at a submer-
gence of 200 feet. The shaft shall be stopped during
these inflation tests.

3. Pressure for inflating the split inflatable seal ring
shall not exceed 150 psi over sea pressure for surface con-
ditions and shall not excced 150 psi over sea pressure for
any submerged conditions up to a maximum pressure of
300 psi to avoid rupture of the inflatable scal. The charg-
ing air connection for pressurizing these seals should be
provided with a ncedle valve, pressurc gage and a relief
valve. The pressure gage should have a range of zcro to
300 psi and the relief valve should be set at ,270 psi. Where
it is demonstrated by actual sea tests at the 200-foot sub-
mergence level that satisfactory sealing can be obtained
at a lower pressure for the type of inflatable seal installed,
the relief valve sctting may be lowered to accomodate the
pressure as tested. As an alternate, a CO; cyclinder of the
Power-Pak 2 1/2-pound-size inflator, or equal, can be used
for pressurizing these scals. The CO; cylinders, if utilized,
should also be equipped with fittings and a pressure gage
for attaching to the inflatable ring valve stem, or housing
connection, and should be stored in the vicinity of the
seals for ready accessibility. The charging air connection,
if utilized, should be equipped with a detachable connec-
tion for disconnecting from the inflatable ring valve stem,
or housing connection, when not in use to avoid inadvert-
ent pressurizing when the shaft is in operation. Attention
is invited that hand or foot pumps are not to be provided
or used for pressurizing the inflatable seal rings since suf-
ficient pressure cannot be obtained to cffect adequate
sealing.

4. Complete sealing is not to be expected under above
test conditions or if inflatable seal ring is operated for re-
pair or replacement of the prime sealing elements. The
flow of water past the inflated seal ring should be restricted,
however, and should not exceed one gallon per minute in
order to permit repair or replacement of seals.

Part 2. Shaft Couplings

9430.21 FITTING FLANGES

The ends of the propulsion shafting sections are usually
provided with integral flanges for coupling together the ad-
jacent shaft sections by means of coupling boits., The face
of each half coupling flange must be finished truly perpen-
dicular to the axis of the shaft. The outer peripheries of
the matched flanged coupling halves must be concentric.
For fitting together the flanges of two adjacent shaft sec-
tions, two different bolting systems may be used: A hex
or round (with flats) headed, straight fitted, body bound
bolt, backed up by a standard nut and cotter pin, or, pref-
erably, a hex or round (with flats) headed bolt with a
body taper of 1/8 inch per foot, backed up by a standard
nut and cotter pin, may be used. Using these approved
designs with upset heads reduces the danger of pulling
headless taper bolts through the flange when backdriving
the vessel, which might result in casting the shafting adrift,
In all cases when fitting the flange bolts to their particular
flange, a system of permanently marking the bolt locations
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of bolt and the tightness of the flange joint when assem-
bling the shafting in the ship. The body bound area of
tapered bolts, shall be machined (or bolt holes reamed) to
allow 1/8 inch, plus zero, minus 1/16 inch, between the
coupling bolt heads and the flange surface when fitted
hand tight and the nuts then tightened until the bolt head
makes contact with the flange surface. The body bound
area of straight bolts shall be up to 0.002 inch oversize to
assure a tight fit in the flange or coupling. Bolts shall be
installed with the heads aft and the nuts forward.

9430.22 COUPLINGS ON SHAFTING EXPOSED TO
SEA WATER

Other types of couplings arc used in naval vessels. For
the shafting exposed to sea water, a design frequently used,
and which offers little resistance to the water flow and and
which also permits ease in uncoupling after long immersion
in salt water, is known as an outboard cross-key coupling.
The ends of the two shafting scctions, to be attached by a
sleeve-type cross-key coupling, are slightly tapered and
these sections are drawn into the sleeve by driving a ta-
pered key through the sleeve and the shafting. The only
objection to the use of this coupling (in addition to high
first cost) is that the crossed keys that take the astern
thrust are very hard to fit and the assembly time is greater
than the conventional flanged type coupling.

At installation of shafting in the ship, after integral shaft
flanges are bolted up, flange peripheries, bolt heads and
nuts are to be rubber covered with brush-on neoprene. The
covering shall be continuous to bond with the protective
sheet rubber or plastic cover on the shafting surface. In
the casc of cross-key couplings, peripherial surfaces of the
couplings are to be covered with cured rubber sheet. Brush-
on neoprene may be used to bond rubber sheet on the cou-
pling to the sheet rubber or plastic covering on the shaft.

9430.23 INBOARD FLANGE COUPLING

For attaching the inboard sections of shafting to the
outboard sections, another special design is used which
consists of a removable collar (backing collar) and sleeve
arranged to transmit ahead and astern torque and thrust.
It is known as the inboard or removable flange coupling.
This inboard coupling is fitted at the forward end of the
tube shaft. When shaft or bearing inspection in drydock
requires the pulling of the shafting, the inboard coupling
is generally dismantled from the stern tube shaft and the
shaft may then be withdrawn astern out of the ship. A
good shrink fit is essential in the assembly of the detach-
able flange on this coupling in order to provide for the
transmittal by friction of the imposed torque. A safety
measure to prevent the shaft from turning in the coupling
is provided by installing four keys 90° apart in the outer
periphery of the shaft and in the inner periphery of the
detachable sleeve of the coupling. The shrik fit allowed
for assembling the inboard coupling flange (sleeve) to the
shaft is 0.001 inch per inch of the shaft diameter, except
that a maximum of 0.012 inch must not be exceeded for
these shrink fits.

Part 3. Shaft Journals
9430.31 JOURNAL SURFACES

The journal wearing surfaces, used for shafting exposed
to salt water, generally consist of bronze sleeves which are

shrunk onto the shafting. To assure tightness of the sleeve
fit, the bore of the bronze slecve for each individual loca-
tion on its shaft should be closely calipered and a negative
tolerance of three-fourths of a thousandth inch (0.00075
inch) per inch of shaft diameter provided for the shrink fit.
The inboard sections of shafling have raiscd journal wear-
ing surface areas. The concentricity of all journals and
coupling flange peripheries must be assured and when the
shaft is rotated, the maximum variation of the radius at
any point during a complete revolution shall not exceed
0.0005 inch.

9430.32 CARE OF JOURNALS

Journals should be maintained smooth and even at ail
times and kept free from rust and products of corrosion.
To remove spots of rust, ridges, and sharp edges of scores,
the journals should be lapped with an oil stone or with an
oilstone powder. Carborundum may be used but in this
casc great care must be taken to remove all particles.

Part 4. Shaft Keys

9430.41 INSTALLATION OF KEYS

Keys and keyways in shafting, propeller hubs, and cou-
plings (inboard and outboard) must be fitted closely and a
press fit used in the installation. Drilling for retainer screws
is not required. Drilling for a dowel pin to keep the keys
from sliding, when installing propellers and couplings, is
required. Key corners are to be chamfered 45° and the
keyways should have weli rounded corner fillets, preferably
with the radius of the fillet amounting to about 3 percent
of the shaft diameter. Key material should be made from
the same basic material used for the shafting and the cou-
pling. The dimensions and the sectional area of the keys
should provide sufficient strength to carry the entire load
and to comply with the working stress designated in the
NAVSHIPS Interim Design Data Sheet (DDS 4301) for
Propulsion Shafting.

Part 5. Alinement Of Shafting And Bearings

9430.51 GENERAL DISCUSSION OF ALINEMENT OF
SHAFTING AND BEARINGS

The alinement of the shafting and bearings is not per-
manently fixed but changes with every docking, due to
changes in the keel blocking, and, for the same docking,
the alinement changes with temperature variations and is
even dependent upon the direction of the sun’s rays rela-
tive to the fore-and-aft line of the ship. The alinement of
the struts and stern tubes in relation to one another, as
well as their alinement with the main propelling machinery,
will undergo a natural change if the propeller, propeller
shaft, line shaft, bearings, or all of these parts are tempo-
rarily removed. The alinement of shafting and bearings is
affected by the temporary removal of machinery attached
thereto, or in the vicinity thereof, because of the redistri-
bution of weight and stresses. Furthermore, alinement is
not the same when the vessel is water-borne as when it is
in dry dock. Alinement diffcrs when the ship rides in the
hollow or on the crest of a wave and it also varies with
different conditions of loading of the ship. In the case of
destroyers, some of these departures from true alinement
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stroyers, With larger huils, as in aircraft carriers, etc,, there
will exist a tendency toward misalinement under the con-
ditions cited above, although it may not be so sensitive in
its effect so as to cause an objectionable operating condi-
tion. The final alinement and bolting up of the main pro-
pulsion shafting of a vessel should always be done when
the vessel is waterborne.

9430.52 IVMIPORTANCE OF CORRECT ALINEMENT
The primary purpose for providing correct alinement
is to eliminate shaft excited vibrations and to prevent an
excessive pressure upon any localized portion of the shaft-
ing bearing surfaces (journal bearing areas). The longitu-
dinal line connecting the lowest extremities of all shafting
journals having the same diameter should form a continuous
faired line when the machinery is at operating temperature.
When the shafting is correctly alined at rest, the bottoms of
the shaft journals should be in contact with the bearing ma-
terial and the bearing clearance at the horizontal centerline
of the journal should be equally divided. The loads on shaft
bearings should be of the same magnitude as determined by
theoretical bearing reaction calculations.

9430.53 REQUESTS FOR REALINEMENT

In those installations where the bearing spans are rela-
tively large, a considerable misalinement will be acceptable
because fo the flexibility of the shafting. Before requests
are submitted to repair activities for repairs involving re-
alinement, there should have occurred such incidents of
operation as the overheating of bearings or the whipping
of the shafting. In all cases, where at all possible, the
shafting should be checked, during actual operation, by
a repair activity. Such a check should consist of a vibra-
tion survey, with hand instruments at least, to determine
the frequency, amplitude and direction of the resonnant
critical vibrations. The request for realinement should be
supported and supplemented by these actual measurements.
However, measurements alone do not constitute sufficient
reason for submitting requests for realinement of shafting.
A history of bearing and shafting distress should be evi-
denced and reported.

9430.54 MAINTAINING ALINEMENT

In order to obtain and maintain acceptable alinement,
the fundamentals of Jong established and good practice
are as follows:

1. Each bearing shall guide and support its proportionate
share of the shafting weight and load.

2. When shaft couplings are broken, each overhanging
shaft length will deflect from the theoretically true shaft
centerline depending upon the amount of overhanging shaft
weight, the loading and the location of the bearing supports.

3. Alinement or sag charts ahve been prepared for most
ships showing relative flange positions and the angular
slopes of shafting when the coupling bolts have been re-
moved. With the bearings adjusted to obtain these meas
urements, proper alinement of the shafting is assured when
the couplings are bolted up.

9430.55 RUNNING A LINE WIRE
1. The proper location of the bearings on main propul-
sion shafting may be checked by “running a line,” provided

the limitations of this method of alinement are fully recog-
nized. A correction for the sag of the wire must be made
and the wire must be approximately horizontal if good re-
sults are to be obtained.

2. Running a line wire consists of rigging supports just
clear of the ends of the outer bearings of the set to be
lined up, and stretching a lingth of piano wire between the
supports. The supports must be rigid and not subject to
deflection when the wire is put under tension. The wire
should be attached to the supports in such a way that it
can be accurately centered in the reference bearings and
firmly held in this position by the supports. After itis
centered in the end bearings, the wire forms the line of
reference (when corrected for sag) for all the intervening
bearings. A table recording the sag of piano wire for dif-
ferent distances is included in chapter 9005.

9430,56 OPTICAL METHOD OF ALINING SHAFTING

1. Alinement of shafting by the optical method makes
use of the line of sight which for all practical purposes is
a true line. Using this method eliminates many steps in
alinement where errors could occur and at the same time
aids greatly in speeding up the alinement and checking the
finished work. The extent to which accurate results will
be obtained by this method is governed largely by the care
exercised in the use of the telescope mechanism and
apparatus.

2. All optical instruments must be considered as preci-
sion apparatus and treated as such. Shaft alinement can
never be more accurate than the mechanism used in deter-
mining the positioning of the bearings and all who do this
work should bear this fact in mind.

9430.57 FINAL ALINEMENT

The final alinement of the line shafting is accomplished
after the vessel is water-borne. This is done by slightly
shifting the line shaft bearings until the drops and open-
ings of the uncoupled mating shaft flanges are as calculated,
so that when coupled, with machinery at operating tem-
perature, the bearings are as neaily as practical in a con-
tinuous smooth curve or preferably a straight line.

9430.58 REALINEMENT OF SHAFTING

When a main shaft is in place and is about to be realined,
the amount that it is out of alinement must be calculated
before the work is actually started. This is done in order
to determine whether the alinement shall start from the
stern tube or from the main engine. If the shafting is so
far out of line that adjustments cannot be made in the
positions of the line shaft bearings at the forward end of
the shafting, the alinement may have to be started from
the main engine coupling end of the shaft and the stern
tube and struts may have to be rebored.

SECTION Il. BEARINGS

Part 1. General

9430.617 CLASSIFICATION
1. Bearings are used to guide and support reciprocating
and rotating elements. The elements or members may be
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ponents having normal, radial, or axial directions, or a com-
bination of two-dimensional loading (such as pertainsin a
combined radial and thrust bearing). Bearings are gencrally
classified as sliding surface or rolling contact bearings.

2. Examples of sliding surface bearings are the cross-head
slippers on reciprocating engines, the old style collar thrust
bearings, and the journal-type bearings, such as the spring
or line shaft bearings installed aboard ship. Film lubrication
is essential for sliding surface bearings in order to minimize
friction losses. An oil film between the two sliding sur-
faces, at the proper temperature, affords the best means
for reducing friction. However, grease lubrication is often
employed and water lubrication is the common practice
for the propulsion shaft bearings which are exposed to sea
water.

3. Journal bearings are extensively used aboard ship.
The journal bearing consists of two parts, one rotating
part, called the journal, revolves within another member
which is termed the bearing. The energy loss due to the
friction in a journal bearing which is operating at favorable
conditions is remarkably small. But when the rubbing
speed of a journal bearing is very low, the friction loss
may become excessive when compared with the perform-
ance of a rolling contact bearing.

4. The rolling contact bearing is constructed in such a
fashion that rotation is accomplished by having balls or
rollers support the journal. This type of bearing usually
consists of three parts: a. an inner ring pressed on the
journal, b. the rolling elements, and c. an outer ring
mounted into a housing.

S. Both general categories may be further classified by
their function as follows:

a. Radial bearings. Bearings designed to carry loads
applied in a plane perpendicular to the axis of the shaft and
uscd to prevent movement in a radial direction.

b. Thrust bearings. Bearings designed to take loads
applied in the same direction as the axis of the shaft and
used to prevent free endwise movement,

c. Radial thrust bearings. Bearings so designed as to
be capable of carrying a combination of radial and thrust
loads. The loads are applied both radially and axially with
a resultant angular component.

Part 2. Sliding Surface Bearings

A. Description of Types

9430.71 RADIAL BEARINGS

1. The simplest forms of radial bearings are the integral
and the insert types. The integral type is formed by surfac-
ing a part of the machine frame with the bearing material
while the insert bearing is a plain bushing inserted into and
held in place in the machine frame. The insert type may be
either a solid or a split bushing and may consist of the bear-
ing material alone or may be enclosed in a case or shell. In
the integral type there is no means of compensating for
wear, and when the maximum allowable clearance is
reached, the integral type must be resurfaced. The insert
solid bushing type, like the integral type, has no means for
adjustment due to wear, and must be replaced when the
wear reaches the point of maximum allowable clearance.
The split type does allow adjustment by removal of shims.

2. A more complicated type of radial bearing is the
pivoted shoe type. This type of bearing embodies variable
alinement fchtures and is composed of a shell containing a
scries of pivoted pads or shoes that are faced with the bear-
ing material,

9430.72 THRUST BEARINGS

1. The plain pivot or single disk type of thrust is a sim-
ple form of thrust bearing consisting of the end of a jour-
nal extending into a cup-shaped housing, the bottom of
which holds the single disk of bearing material. This type
of bearing is most likely to be found on slow turning rotary
cranes of the jib and pillar type.

2. The multi-disk type thrust bearing is similar to fhe
pivot type except several disks are placed between the end
of the journal and the housing of the bearing. Usually alter-
nate disks of bronze and stecl are used. The lower disR i,
fastened in the bearing housing and the upper onc fastened
to the journal while the intermediate ones are free.

3. The multi-collar thrust bearing is ordinarily used on
horizontal shafts carrying light thrust loads. This type of
bearing consists of a journal with thrust collars integral
with or fastened to the shaft; these collars {it into recesses
in the bearing housing which are faced with bearing metal.

4. Pivoted shoe type thrust bearings. The design of this
bearing is similar to that described as the pivoted shoe radial .
bearing except, in this case, a thrust collar fixed to the shaft
runs against the pivoted shoes. This type of bearing may be,
and usually is, made suitable for both directions or rotation.

9430.73 RADIAL-THRUST BEARINGS

Ordinarily, angular loading is taken by using a radial type
bearing to restrain the radial load and some form of thrust
bearing to handle the thrust load. This may be done by
using two separate bearings or a combination of them. A
typical example of the latter type of bearing is the multi-
collar bearing which has its recesses entirely surfaced with
bearing material; the faces of the collars carry the thrust
load and the cylindrical edge surfaces handle the radial
load.

B. Applications

9430.81 MAIN PROPULSION STERN TUBE AND
STRUT BEARINGS

1. Stern tube bearings, where required, are fitted in the
ends of the stern tubes. These bearings generally consist of
bronze shells, in halves, lined with a suitable bearing wear-
ing material. Bearing shells are normally grooved longitu-
dinally to reccive strips of lignum vitae, laminated resin
bonded composition, or strips of composition faced with

- rubber or syntheitc rubber compounds as wearing materials.

The lignum vitae and Jaminated strips are cut and installed
in the bearing shells so as to present the end grain to the
shaft. The clearances, method of installation of staves, and
arrangement of the Navy’s Standard stern tube bearing are
shown on NAVSHIPS Plan No. 5000-84300-64347. In
some installations, solid packed strip wood and resin
bonded composition bearings or full molded type rubber
faced bearings are used in naval craft other than major
combatant types.

2. Strut bearings are constructed similarly to stern tube
bearings and are of the same material.
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generally at routine dockings when it appears from the
rate of wear that the allowable clearances will be excceded
before the next scheduled routine docking. When wear on
a bearing has progressed to the point requiring renewal,
consideration should be given to renewal of other bearings
on the same shaft in order to avoid misalinement.

4. At the inboard end of the stern tube bearing is a
stuffing box packed with several rings of packing. For the
proper packing to use, refer to the Packing and Gasket
Chart, reproduced in chapter 9950, Semi-metallic packing
should not be used for renewal on visibly scored shafts.
When installing packing, care should be exercised to select
the correct size so that it may be effective with no binding
resulting therefrom. The packing should be cut in individ-
ual rings on one circumferential turn to the exact length,
with ends butt cut and installed with joints staggered. Pref-
erably, joints in the packing should be confined to the
upper half of the stuffing box.

5. Two methods are employed to assure an adequate
supply of water to the stern tube bearings:

a. forced lubrication by means of a pressure of 10
psi continuous flow through the flushing connection lo-
cated at the forward end of the stern tube or

b. by natural pressure circulation of the water.
Natural circulation cannot be used where the static sub-
mergence head is insufficient to overcome the evaluating
head caused by the ahead speed of the ship.

6. The flushing valve should be opened prior to getting
underway when the method of forced water lubrication
isused.

7. On getting underway where natural water circulation
is employed, the packing gland should be slackened suffi-
ciently to allow a thin stream of water to trickle by. This
leakage of water through the stern tube stuffing box is the
only indication available that there is a flow of water for
cooling and lubricating the bearing wearing material. On
anchoring, the glands should not be disturbed unless leak-
age becomes excessive. As a means of assuring positive wa-
ter Jubrication to the forward stern tube bearing, during
turbine warm-up periods or during other periods when
natural circulation is doubtful, fire main or circulating
water should be forced through the flushing connection
on the inboard end of the stern tube stuffing box.

8. The wear in stern tube and strut bearings should
be measured and recorded at each docking. At interim
dockings, the stern tube packing need not be removed to
measure the clearance of the inboard stern tube bearing
unless the history of the bearing, excessive wear of the
other bearings on the same shaft, or abnormal operating
conditions since the clearances were last measurcd make
the condition of these bearings doubtful.

9430.82 MAIN PROPULSION LINE SHAFT SPRING
BEARINGS

Bearings which support main propulsion line shafting
and which are located inside the hull are called line shaft
spring bearings, line shaft bearings, or spring bearings.
These bearings generally are of the ring oiled type, with
top and bottom babbitt-faced removable shells or brasses
that are mounted on spherical seats. The general arrange-
ment of the Standard Navy line shaft spring bearing is

shown on NAVSHIPS Plan No. 5-Y-453. Their tempera-
ture should be noted hourly when underway. At least
«nnually they should be examined and defects, if any,
corrected. They present no particular problem in main-
tenance as they are treated the same as other babbitt-faced
sliding surface bearings.

9430.83 MAIN PROPULSION THRUST BEARINGS

1. Main propulsion thrust bearings are located generally
in the bull gear casing or on a section of shafting in the
shaft alley.

2. The conventional thrust bearing is the segmental
pivoted shoe type. This bearing in its simplest form con-
sists of several pivoted segments or shoes against which
the thrust collar revolves. Ahead or astern axial motion
of the shaft, to which the thrust collar is secured, is thereby
restrained by the action of the thrust shoes against the
thrust collar. The shoes and collar, encased in a housing,
are immersed in oil. The principle of operation of this
thrust bearing is that when one flat'surface is moved along
a second flat surface which is free to pivot, the second flat
surface pivots and assumes an inclined position with respect
to the first surface and the two surfaces become separated
by a thin wedge-shaped film of oil.

3. In a segmental pivoted shoe thrust bearing, pressure
is equally distributed among the entire set of shoes by the
action of the leveling blocks. The removal of any shoe
from the set breaks the chain of leveling blocks, causing
the ends of the blocks which supported the shoe to be
jammed against the base ring with the result that the bal-
ancing effect is destroyed. The same principle applies to
the removal of more than one shoe. Therefore, when taking
clearances, both halves of the base ring and all shoes must
be assembled and in place.

4. In order that each shoe may take its share of the pres-
sure, it is necessary that each half of the base ring take up
against the housing. In some types of bearings the base
rings are designed to have the joint in a practically hori-
zontal position. In this case when the top half of the
housing is removed to make the collar accessible, the upper
half of the base ring has no support. To overcome this,
when adjusting the thrust, the base ring should be temporar-
ily installed with the joint vertical. Each half of the base
ring then takes up against the bottom half of the housing
and the entire thrust is compressed between two flat paral-
lel surfaces, thrust collar, and housing. The shoes and level-
ing blocks then take the same position as they would with
the top half of the housing in place.

5. The faces of the shoes will adjust themselves to any
small angle relative to the base ring. Pressure on any one
shoe is distributed to all. Therefore, feclers cannot be in-
serted behind any part of the base ring or shoes as the
point where they are inserted will give way and the read-
ings will be false.

6. Use of shims. This type of bearing should not be
adjusted by shims applied behind the base rings as there
is a clearance here, and it is not advisable to use shims be-
hind loose parts. On some ships, however, the housing is
assembled with no forward filler pieces. If in this case it
is necessary to reduce the thrust clearance, it may be done
by a shim behind the forward base ring, this shim to be
cut in one piece and installed over the end of the shaft.
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overlap. Under no circumstances should shims be installed
behind the leveling blocks as the pressure on the points of
support will crush the metal.

7. Interchanging ahead and astern shoes. Frequently
a set of shocs is slightly burnished or worn away. If this
happens with no spares available, shift the astern shoes
to the ahead side (if they are interchangeable). Stone any
ridges cut in the collar (the greatest care must be taken
here as to the thickness; tolerance is only 0.0005 inch).
Spot in the worn shoes and install on the astern side.
Leave a 1/16-inch, 30° bevel on the entering edges of the
shoes; otherwise the sharp edge will tend to scrape the oil
film from the collar. Check up on thrust clearance as out-
lined above. :

8. Scored collar. If the collar has been badly scored
refinish the surface, the final operation to be a fine lap
to achieve the 16 r.m.s. maximum surface roughness.

9. Limit for thrust clearance. The manufacturers’ in-
struction books or plans should be consulted regarding
maximum and minimum allowable oil clearances on thrust
bearings. If this information is not available from plans or
instruction books, the minimum thrust clearance may be
taken as 0.0009 D" +0.006"', where D is the diameter of
the collar in inches; the maximum thrust bearing clearance
should be less than the minimum axial clearance of con-
nected machinery units such as turbine blade clearance or
the minimum axial clearance between the fins of turbine
labyrinth packing.

9430.84 MAIN PROPULSION TURBINE BEARINGS
Bearings for main propulsion turbines are self-alining
bearings. The self-alining feature is obtained by providing
a spherical seat for the split bearing shells in the same man-

ner that line shaft spring bearings are mounted. Turbine
journal bearings are pressure-lubricated by means of the
same forced-feed lubrication system that supplies lubricant
to the reduction gears and gear bearings.

9430.85 MAIN PROPULSION REDUCTION-GEAR
BEARINGS

Reduction-gear bearings are usually of the rigid type.
These types are split in halves, but the split is not always
in a horizontal plane in modern gears as the pressure on
many pinion and bull gear bearings is against the cap and
not always in a vertical direction. The bearing shells are
so secured in the housing that the point of pressure for
both ahead and astern operation is as nearly midway be-
tween the joint faces as practical.

Reduction-gear bearings are pressure-lubricated by
means of the same forced-feed system that supplies lubri-
cation to the reduction gear teeth.

9430.86 MAIN PROPULSION MOTOR AND
GENERATOR BEARINGS

Bearings for large motors and generators usually are
self-alining, spherically mounted, babbitt faces, sleeve type
bearings. These bearings may be either ring-lubricated or
pressure-lubricated. Pressure lubrication is generally used
where a pressure lubrication system for the turbine and
gear drive unit can be utilized for the pressure lubrication
of the electrical equipment bearings. Care and mainte-
nance of these bearings should be accomplished in the

manner prescribed for conventional babbitt faced sliding
surface bearings. Reference should be made to Chapter
9630, Electric Motors and Controllers, for specific instruc-
tion on the operation of these bearings with regard to con-
siderations that are peculiar to electric equipment. A large
number of ships® gencrators, which are closcly coupled to
a reduction gear, have only onc radial bearing located at
the cnd of the rotor shaft farthest removed from the gear.
Such designs depend upon the radial bearings of the gear
for support of part of the generator rotor radial load. This
design presents special problems in handling the generator
when uncoupled from the gear so as not to damage the
rotor at the unsupported end and the bearing at the other
end. During reassembly of such units, bearing alinement
should be carefully checked so as not to allow misaline-
ment to result in over-loading either the gear or generator
bearing.

9430.87 MAIN PROPULSION DIESEL ENGINE
BEARINGS

Diesel engine bearings are generally of the precision,
split-slceve type with thin walls of bearing metal bonded
to steel backs which are rigidly mounted in bearing caps
or supports. This is in contrast to the heavy wall babbitt-
faced bearings heretofore discussed. Diesel engine bear-
ings generally are pressure and splash or spray lubricated.
The high cyclic loading of the diescl engine bearing is one
of the most rigorous of all bearing services. Consequently,
periodic bearing inspections should be made in an attempt
to prevent bearing failures. Instruction books for specific
engines should be consulted for recommended frequency
of bearing inspections. NAVSHIPS 250-542, Diesel Engine
Bearing Manual should also be consulted for general crite-
ria for inspection, maintenance and repair and instaliation
for these bearings. Spare diesel engine bearings are gener-
ally carried in spare-part kits, inasmuch as precision-type

_bearings cannot be repaired by the ship’s force.

9430.88 RUDDER BEARINGS

Rudder bearings have the assigned task of transmitting
to the hull those forces generated by the weight of the
rudder and its accessories and the moments generated by
the steering system. Both sliding surface and rolling con-
tact type bearings presently are being used for this appli-
cation. There are also applications in which combinations
of the two types have been utilized.

1. Sliding Surface Bearings.

a. The radial rudder bearing usually consists of a
bronze bushing, split on the centerline for ease of removal,
and fitted with a solid pack nesting of staves of laminated,
resin-bonded, composition wearing material. Radial bear-
ings located inside the hull and sealed off from exposure
to sea water are grease or oil lubricated, whereas the bear-
ings arc mounted in gudgcons attached to the stern casting
outside of the hull are lubricated by a combination of
grease andfor water. , .

b. The rudder carrier bearing is usually a Jaminated
phenolic, bronze, or babbit-faced vertical thrust bearing
of the plain disc type.

¢. The characteristic low-speed rotation but high-
bearing loading in rudder bearing makes heat generation
of slight conscquence, but wear or materjal deformation
must be checked periodically.
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a. Spherical roller-type bearings often are used for
both the radial and carrier bearing positions since the self-
alining feature cnables the bearing to adjust itself to nor-
mal hull and stock deformations. Two general arrange-
ments presently are being employed; one arrangement has
the upper or carricr bearing fixed while the lower bearing
is unrestrained axially and, therefore, accepts only radial
loads. In the other arrangement the order is reversed as
the lower bearing is fixed and the upper bearing is un-
restrained axially. Conditions of loading dictate. the
proper choice of arrangement.

(1) In cither arrangement the lubrication sealing
mechanism for the upper bearing is accomplished by a
r-acking gland or by a mechanical-, or Syntron-, type seal.

he lower bearing lubrication seal, if it is divorced from

e ship’s water scal, is generally similar to the upper bear-
g lubrication seal. On the other hand, if the same scaling
mechanism is used to retain the bearing lubrication and to -
prevent the entrance of seawater, oil lubrication is required
and this oil is placed under a positive head to preclude
entrance of seawater into the system. Recommended
maintenance procedures are itemized in table 6.

b. At the time of original installation, those bearings
which require grease lubrication should have the bearing
rings and the area between roller, rings, and separators
(cages) completely packed with the required grease. The

. housings then should be completely filled since this will
assist in preserving and sealing against moisture. Com-
pletely filling the housing will not have any adverse effects
on the bearing temperature nor will it impede the operation
of the bearing since the movement of the rudder is rela-
tively slow. If, at the time of routine inspection, the grease
has become oxidized or discolored, that portion of the
grease should be removed and replaced with fresh grease.
Replacement grease should always be selected in accord-
ance with the original grease specification.

c. The operation of oil lubricated bearings depends
on the condition of the lubricating oil for reliable oper-
ation. It is essential that the oil level and the condition
of the oil be checked frequently; where practical, the level
should be checked daily and the oil should be sampled
weekly. Oil samples are taken to determine the neutraliza-
tion number of the oil; to detect the presence of water,
foreign matter, or metallic particles in the system. Solid
materials can be found by allowing the oil sample to settle.

(1) Lube oil should be chang .d only when sam-
ples indicate an excessive ncutralization number or when
oil samples show evidence of contamination of the oil.

For bearings which are mounted below the watcrline it is
imperative that the oil level and seals be carefully main-
tained so that seawater does not enter the bearing hous-
ing and cause deterioration of the system.

d. Mecasurable wear should not occur in properly
mounted and lubricated rolling contact bearings. Evidence
of wear indicated the presence of some form of contamina-
tion. The load carrying function of the bearing is not af-
fected by uniform wear; however, the integrity of the seal-
ing mechanism may be scriously affected if the bearing’s
original mounted clearance is exceeded by a factor of three
to four.

e. It is not necessary to remove the rudder stock or
lift the bearing to conduct maintenance inspections on the

rollingcontact bearings. The stock should only be removed
if there is evidence of spalling or pitting of the exposcd rol-
ling element surfaces. This check can be made by drawing
an improvised stylus across the exposed surfaces of the rol-
lers and those surfaces of the bearing rings which arc ad-
jacent to the rollers. If spalling or pitting is detected it
then would be in order conduct a more detailed inspection
of the bearings by removing the stock.

f. Ship’s Information Books or ships plans should
be consulted for bearing clearance, details of operation,
adjustment and care of those systems containing special
lubrication instructions or special sealing mechanisms.

9430.89 AUXILIARY MACHINERY BEARINGS

1. Auxiliary machinery bearings, for the larger units of
auxiliary machinery, may have the same characteristics as
the corresponding bearing on its prototype piece of main
propelling cquipment. Such units as turbines, gears, Dicsel
engines, motors, and generators that require bcarings over
2 inches in bore diameter usually fall in this category.

2. Smaller pieces of auxiliary machinery generally util-
ize cither non-self-alining sleeve-type bearings which may
or may not be split or they utilize ball or roller bearings.
Ball and roller bearing applications are discussed elsewhere
in this chapter under the caption “Rolling Contact Bear-
ings.” (See part 3.)

3. Rigid bushing or sleeve-type bearings as convention-
ally used in auxiliary machinery units such as pumps, com-
pressors, blowers, etc., are generally of the precision type,
bored to exact size. In the replacement of bearings of this
type, care must be taken in the selection of the proper
bore for any given shaft, inasmuch as the bored-to-finish
size bearing cannot be scraped to suit the shaft.

C. Bearing Requirements

9430.101

The basic design of a bearing is dependent upon the
magnitude and the direction of the load upon the bearing
and the relative speed between the bearing surfaces. The
detail design and the embodyment of the component parts
of a bearing should give careful considcration to.

1. The length of the bearings which must be determined
by the maximum rubbing speed, allowable load per square
inch of projected area, and the requirements for strength
and rigidity since the radial dimensions of the bearing are
fixed by the diameter of the journal.

2. The proper bearing material which must be selected
with respect to the load on the bearing, the heat generated,
and the material used for the journal.

3. Affixing the bearing wearing material into the bear-
ing proper.

4. Provision to take up wear and increased clearances
as they occur, if the design allows.

S. Preserving the alinement of the bearings, in cases
where misalinement may occur between the journal and
the bearing,. )

6. Proper clearance between the journal and the bear-
ing must be provided.

7. Provision for the proper lubrication of the bearing
in order to reduce losses from friction.

8. Provision for dissipating the heat gencrated by fric-
tion for journal bearings running at high speeds and sub-
jected to high loads.’
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The main requircments of good bearing materials are
as follows:

1. Availability of supply and practicability of servicing
and maintenance.

2. The material should be uniform and posses a low
cocfficient of friction.

3. It should possess sufficient strength, appropriate
wear factors and endurance.

4. It should have high thermal conductivity and be
heat resistant.

S. It should possess a nonswelling property and be
workable.

6. 1t should be hard enough to resist abrasion and
carry the load and yet the material should have impact
resistance and not be brittle nor score the journal.

7. The replacement cost new, and the repair and main-
tenance costs of the material should not be relatively
excessive.

8. It is obvious that some bearing materials such as the
molded plastics, rubbers, and lignum vitae do not meet all
of the above-mentioned requiremen:ts. Under certain con-
ditions of application these types of material offer enough
additional advantages to warrent their use as bearing
materials.

9. In order that best results may be obtained, only
material that conforms to the latest issue of the Navy
Department specifications should be used.

9430.103 PROVISIONS FOR LUBRICATION

There are scveral means of serving up the lubricant to
the bearing. The most common are:

1. Drop-feed lubrication in its simplest form. It consist
of feeding the lubricant a drop at a time through a hole in
the bearing.

2. Wick lubrication. Qil is transmitted from an outside
reservoir to the bearing surface by capillary action in the
wick.

3. Ring lubrication. Oil is picked up by the ring and
carried to the shaft as the ring rotates with the shaft. The
quantity of oil delivered to the journal depends on size
and speed of the ring and the viscosity of the oil.

4. Disc lubrication. Oil is picked up by a rotating disc
clamped to the shaft and directed to the bearing surface
by a wiper fitted to the upper shell.

5. Flood lubrication. In this type of system the bearing
is completely immersed in a bath of oil at all times.

6. Splash lubrication. This system is common in inter-
nal combustion engines. The splash may be produced by
the end throws of the connecting rods dipping into the
oil of the crank case.

7. Pressure lubrication. Pipes leading to the bearings
from a pump furnish the oil under pressure.

9430.104 LUBRICATION OF BEARINGS

A film of lubricant must always be maintained between
Jbearing and its journal and the heat generated by friction
must be carried away. The fulfillment of the first require-
ment necessitates that an ample and continuous supply of
lubricant at a suitable viscosity be delivered at all times.
To carry away the heat generated in the bearing and main-
tain a satisfactory temperature necessitates a certain quan-

tity flow of lubricant through the bearing. The lubrication
systems provided are adequate for the purpose for which
they are installed, but must be given careful attention to
ensure satisfactory bearing performance. Most trouble
encountered is due to neglect of bearing susfaces so that
proper clearances are not obtained, to dirty lubricant, or
to obstructions in the piping or other passages provided

for supplying the lubricant. Sce chapter 9450 for instruc-
tions on opcration and maintenance of lubrication systems.

9430.105 GROOVING OF BEARINGS

1. After the lubricant is delivered to the bearing, dis-
tribution within the bearing is usually brought about by
grooves in the bearing. The lubricant should cnter the
bearing at a point of minimum pressure, the grooves will
then distribute the lubricant throughout the bearing.

2. Grooves in the bearing, dcpendent upon design, take
several forms, the two simplest being the axial and the cir-
cumferential groove. Either of these types may be modi-
fied or used in combination in order to give desired char-
acteristics of lubrication delivery within the bearing.

3. Sometimes circumfercntial grooves are placed at the
ends of the bearings as a controlling device for preventing
side leakage, but this type of grooving does nothing so far
as distribution of lubricant is concerned.

4. When grooves are machined into a bearing, care
should be taken in beveling the groove out into the bearing
lands so that a constriction will not result.

5. The type of groove used in a bearing should not be
changed from the original design, unless warranted by con-
tinuous trouble tracable to improper lubricant distribution
within the bearing.

9430.106 BEARING CLEARANCES

1. In order to allow for the circulation of lubricant and
to permit the formation of a film between the journal and
the bearing, the latter must be so fitted that its radius of
curvature is greater than that of the journal. This differ-
ence allows a certain amount of play between the journal
and the bearing and is called the “bearing clearance.”™

2. This clearance must be uniform throughout the en-
tire length of the bearing. 1t is usual with large bearings to
allow a slightly larger clearance at the sides near the joint.
Beveling the sides of a bearing prevents the journal being
nipped in case a bearing runs warm, facilitates the handling
of the bearing on and off the journal during the process of
fitting, and permits a better distribution of lubricant for
cooling. If the clearance is not uniform throughout, only
part of the bearing surface takes the load, and the friction
on this limited surface will tend to cause the bearing to run
warmer than normal and may be the cause of ultimate
failure.

3. In assembling a bearing, the butting faces of the shells
must be set up metal to metal, but sufficient space must be
left for lubricant clearance between the journal and the
bearing metal. To reduce this clearance to a minimum,
but at the same time to ensure sufficient quantity flow of
lubricant to prevent overheating, is the result desired.

9430.107 FACTORS GOVERNING CLEARANCE
The amount of clearance to be provided depends upon:
1. The size of the bearing.
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3. The speed of revolution.

4. Whether the dircction of the load force alternates,
or remains constant, ‘

5. Whether gravity or forced lubrication is used.

6. The desired operating temperature.

7. The viscosity of the lubricant.

9430.108 CLEARANCE TABLES

Tables of bearing clearances are given below and are in-
tended to be used as a general guide in the absence of other
instructions. Clearances indicated on detailed drawings or
in instruction books should be used where given.

Table 1. Stern tube and strut water-lubricated
bearing clearances

A n [od

Alnimum |00y (gearanee

Dineter of {""'"'""‘"' at which beage

journa cleariee of 4 ne ehould he -

bearines renewerd
(sce note 3) o
Inches Inches Inchex

1 0.M5 0.070
114 M6 N
2 Nil¥4 .09}
234 .M .30
1 20 107
4 .022 Jg20
5 025 .131
6 027 L 142
7 .0%0 .153
R .02 L1054
] .mi5 L1758
10 .7 LIRS
n L0 94
12 .2 . 206
13 .5 .26
14 047 .20
15 .050 N5
16 052 .24
17 N88 258
1R N57 .261
19 060 . 260
2 062 L2718
2 N L2281
22 o067 . 286
b5} 070 .20
24 072 204
25 A7h L2907
bl Nirr 300
27 80 Lan3
23 . OK2 L3006

Note 1: The ship’s plans should be referred to in every case,
prior to rencwal of bearings.

Note 2: Refer to NAVSHIPS plan 5000-S4300-64347 for
general dimensions of stern tube and strut bearings.

Note 3: The values given above under column B, table 1, are
minimum operating bearing clearances for all types of sliding con-
tact bearings, after dimensional changes duc to swelling or deflec-
tion of the wearing matcrial have taken place. Swell characteristics
of phenolic resin and lignum vitae bearings and deflection charac-
teristics of natural or synthcetic rubber-faced bearings are such that
the following additional allowances must be made, at time of in-
stallation of wearing material, to correct for swell and deflection
characteristics respectively:

a. For phenolic resin bearings installed dry:

(1) With cotton fiber laminations perpendicular to shaft
axis—altow 1 percent of wearing material thickness for swelling.

(2) With cotton fiber laminations parallel or concentric
with shaft axis—allow 3 percent of wearing material thickness for
swelling. )

b. For phenolic resin and lignum vitae bearings, installed
wet (after soaking for at Icast 6 months), no allowance for swelling
will be nccessary, inasmuch as swelling duc to water absorption will
have practically ceased.

c. For natural or synthetic rubber-faced bearings no allow-
ance by installing activity for deflection will be nece ssary, since
wearing material is manufacturced to final design dimensions which
will provide proper minimum clearances.

Table 2, Centrifugal pump shaft bearing clearances
{white metal)

Journat Rore of bearing

Dinmeter | lolerance Tolerancee

.oy}

R a Voo f{ e ) owmes
B T N
I St | U (At R
N et | LI (e

Note: These clearances are to be uscd only in the abscnce of
other instructions, including approved plans. Allowable wear indi-
catcd is approximatcly only and is bascd on average wear ring
clcarances.

Table 3. Oil clearances for turbine, reduction gear,
generator, and motor bearings.

Bearing shall
Minhmum oil Maximum oi} | he rebabhitted
Basie disane- { elearnnee when | elearanee when at or before
ter of journal rehabbitting rebabbitting the following
hearings bearings oil clearances
are reached

ITuches Inches Inches Inches
] &.th (1Rt tn) 0. 015
2 Nit) Ritn RUE}
3 KL 7 Nuts
4 A0G AN .m3s
5 Kiin L MU
6 Ao L0 ML
7 S .on Jivdl
-1 e .2 S024
'] .m M3 027
U} M2 .04 030
11 L012 BUT) N
12 .m3 AU A6
13 .m3 Nl L0385
14 014 BUES .42
14 015 .my AHS
16 LG 020 M5
17 .m7 .02y 045
18 .My 022 .45
19 LNy 03 LI45
0 X 024 .45
21 .021 206 LI45
n .022 Nty B H
u .0z AN N
24 24 (17 R
i) s L3 L1150
2 R4 .04t .52
b1 Nt 032 . 054
- A L3 L0
2 Ay A4 058
K L3 035 L6

Note: These clcarances are to be used only in the absence of
other instructions. They represent the minimum acceptable
clearance at any point in a bearing.

D. Maintenance

9430.121 RUNNING HEAT OF BEARING

1. A bearing shows distress by heating. Within limits
there is no objection to the rise in temperature; in fact it
must take place. The rise in temperalure is advantageous
in that it is accompanied by a decrease in the viscosity of
the lubricant which lessens the work of internal friction
transformed into heat at a given speed. '

2. There is no objection to running a bearing hot pro-
vided the temperature reached is not sufficient to do harm
and provided there is no progressive increase in heat, indi-
cating trouble. In the very nature of the device, energy
must be transformed into heat, and this heat will cause a
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rise in the temperature of the bearing until a condition is
reached where the heat radiated and dissipated in a unit of
time balances the amount generated in the same time.

3, Careful attention should be given to bearing tempera-
ture at all times, keeping in mind that a temperature rise is
to be expected until a stable condition is reached which
may be called the running heat of a bearing. The engineer
officer should determine the running temperature of all
bearings at various speeds and loads. This may or may not
be the same for all bearings of a particular unit. It should
be borne in mind that the feature to guard against is not
necessarily a high running temperature of a bearing, but
a rapid rise in temperature, and an increase over the usual
operating temperature of the bearing,

9430.122 HOT BEARINGS
1. Generally, hot bearings may be traced to one of the
following causes:
a. Improper or insufficient lubrication.
b. Grit or dirt in the lubricant.
c. Bearings out of line.
d. Bearings improperly fitted.
e. Poor condition of bearing or journal surface.
f. Obstructions in the oil lines.

2. If the trouble is due to improper or insufficient lu-
brication and is discovered before the metal has wiped, an
abundant supply of lubricant should gradually bring the
bearing back to its normal operating temperature. Should
the trouble be caused by grit or dirt in the bearing, an in-
creased supply of lubricant may flush out the impurities
sufficiently to permit continued operation. If the trouble
is caused by foreign matter in the lubricant, the lubricant
will have to be renovated or renewed.

3. If the bearings are out of line, improperly fitted, or
bearings and journals are not in proper condition, only

temporary relicf can be looked for by use of the various
means suggested above. The most effective treatment will
probably be operation of the machinery at low or moderate

Table 5. Clearances for rudder and diving plane bearings

A B C

Outside diameter Minimum oper- Maximum aflowable
of stock or pintle . diometric clear- diametric clearonce
including sleove ance (See above which beorings
(Journal diameter) notes) shall be renewed

inches Inches Inches

1 0. 005 0.0S
2 - 005 .08
3 . 006 .06
4 . 006 .06
1 . 007 .06
6 .008 .06
7 . 009 .06
.0l10 .07
9 .011 .07
10 .012 .07
i1 .013 .07
12 .014 .07
13 .015 .08
14 .016 .08
15 .017 .08
16 .018 .08
17 .019 .08
18 . 020 .09
19 . 021 .09
20 022 .09
21 .023 .09
22 .024 .09
23 .025 .10
24 026 .10
25 .027 .10
26 . 028 .10
27 .D2¢ .10
28 .030 .11
29 .031 .11
30 .032 .11
31 .033 .12
32 .034 .12
33 . 035 .13
34 . 036 .14
35 .037 .15
36 .038 .16

Note 1: The valucs given in column B are minimum operating
diametric clearances for lignum vitac and laminated phenolic bearing
materials which are installed wet (see note 4), and for metal bearing
materials which are not dimensionally changed due to water absorp-
tion. - There must be added to the clearance value of column B a
suitable diametric swelling allowance for bearing wearing materials
which expand due to water absorption. Diamectric swelling allow-
ances for dry laminated phenolic bearing materials as follows:

a. Allow 1 percent of the total wearing matcerial thickness
for stave type bearings with cotton fiber laminations perpendicular
to the journal surface. (This 1 percent allowance is to be added to
the tabular values of column B.)

b. Allow 3 percent of the total wearing matcrial thickness
for stave, segment, or tube-type bearings with cotton fiber lamina-
tions either parallel to concentric to the journal surface. (This 3
percent allowance is to be added fo the tabular values of column
B.)
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that readings be taken by mcans of a dial gage with the stock jacked
hard over to the opposite side of the bearing. Readings should be
taken with the stock jacked forward, aft, to port, and to starboard
for the rudder and forward, aft, and upward for the diving planes,
If the dial gage readings at a given bearing indicatc an excessive
amount of bearing wear, that particular bearing should be rencwed.

Note 3: When laminated phenolic material is installed dry,
allowances for longitudinal and ciicumferential swelling shall be
made in accordance with the method shown on the Hull Type
Plan for Rudder Bearings, NAVSHIPS Plans Nos. $2200-921759
and 5§2200-921760.

Note 4: When laminated phenolic or lignum vitae bearing
matcrial is installed wet (after soaking for at Icast 6 months), no
allowance for diametrical, longitudinal, or circumferential swelling
will be necessary, inasmuch as swelling due to water absorption
will have practically ceased. (Wet installation of lignum vitae bear-
ings is the only acceptable method of installation of this material.)

Note 5: When the maximum allowable clearance given in
column C is exceeded, replacement of bearings is mandatory. If
there is cvidence of excessive leakage at the stuffing boxes, ex-
cessive noise, chatter, or vibration, or other undesirable effects at-
tributable to cxcessive bearing clearances, the bearings shall be re-
newed cven though the maximum allowable clcarances are not
exceeded. Whencver these or other exceptional circumstances are
encountered, a complete report shall be made to NAVSHIPS.

Note 6: The above hotes refer to metal and lignum vitae
bearings as well as to laminated phenolic bearings because of the
past usage of all three of these materials. However, the currently
prescribed bearing material for surface ships and submarines is
laminated phenolic matcrial conforming to Military Specification
MIL-P-18324, in stave form, installed with the edges of the cotton
fiber laminations perpendicular to the journal surface.

Note 7: When laminated phenolic material is installed dry,
the swelling allowances specified in the above notes shall be applied
to correct for diametrical, longitudinal, and circumferential swelling
of the material, irrespective of the type of lubrication.

powers until such time as the proper adjustments or repairs
can be effected.

4. Usually abnormal temperatures in bearings can be
lowered by slowing down the unit and thus decreasing the
amount of work thrown on bearings. In reciprocating
engines the load on a bearing can be reduced by adjust-
ment of the independent linking-up gear. If the trouble
has reached an advanced state, it may be necessary to stop.

9430,123 PROCEDURE WHEN BEARINGS OVERHEAT

1. If the temperature of a bearing increases above its
normal running temperature, the quality and quantity of
the lubricant supplied to that bearing should be checked
first. The supply should be increased by opening the nee-
dle valve, if a needle valve is provided, or by increasing the
delivery pressure of the oil pumps, where practical. The
lubricant should be further cooled by increasing the flow
of circulating water to the coolers.

2. If these measures are not effective, the speed of the
unit should be reduced or it should be stopped. Spraying
water on a bearing should not be resorted to except in a
case of emergency, as cold water causes contraction of the
bearing, further reducing the clearance.

9430.124 WIPED BEARINGS

Once a bearing has wiped, it should be reconditioned at
the first opportunity. If it has wiped but slightly, it can
probably be scraped to a good bearing surface and restored

to service. If badly wiped, the bearing will require
replacement,

9430.125 REBABBITTING

A bearing which has been wiped beyond restoration
must be replaced. Replacement bearings should be ob-
tained from spare parts bins which should be in turn re-
placed by a requisition to the proper supply demand con-
trol point. In the event that replacement spare bearings
are not available in the supply system, relining should
normally be requested from a yard or repair vessel if
available. In their absence, the work can be accomplished
by the ship's force. The following procedure is recom-
mended for relining bearings:

1. Machine out all of the old lining to the base metal
of the shell.

2. Wash the shell in a hot alkaline cleancr solution (4
to 6 ounces Oakite to 1 gallon of water) (a weak lye solu-
tion may be used if Oakite is not available).

3. Rinse shell in fresh water (do not touch that part of
the shell to be tinned, with the hands or any oily substance).

4. Dip shell in a cold (20 to 25 percent) hydrochloric
acid solution for about 5 to 10 minutes. This solution may
be swabbed or painted on the area to be tinned if no bath
is available.

5. Rinse with fresh water.

6. Plug all holes in shell with dry asbestos or magnesia.

7. Coat all surfaces of the shell which are not to be
tinned with a fire<lay wash.

8. Brush or swab the surface of the shell to be tinned
with flux (zinc chloride and water equal parts by weight).

9. Immerse the shell in a bath of molten solder held at
a temperature of 575° F. minimum to 625° F. maximum.
Keep the shell in the bath until it has reached bath
temperature,

10. Remove shell and inspect the tinned surface for
flaws; scrape and reflux the poorly tinned areas and return
the shell to the solder bath.

11. Remove the bearing from the bath, shake off excess
solder, set in jig, and pour as soon as possible (preferably
within 2 minutes); the tinned surface should be preheated
with a torch to above 600° F. so that the babbitt will be-
gin to solidify at the bond rather than at the mandrel. This
prevents the babbitt form “pulling” away from the bond
during solidification. If a wooden mandrel is used, no
preheating is necessary.

12. Pour the babbitt into the space between the shell and
mandrel. The babbitt should be at temperature of 800° F.
to 850° F. for Navy No. 2 babbitts. A bottom pour ladle
is preferred but, if not available, a common ladle may be
used, care being taken to keep the surface of the molten
metal bright and free from oxides by skimming.

13. Cool the assembly from the outside and bottom by
an air blast or with a sprinkling can. Puddle the molten
metal with an iron wire during cooling to prevent the for-
mation of shrinking cavities.

14. After solidification, it may be noted that the sides
of the shell have been drawn together by the shrinkage of
the lining. These may be brought to their original dimen-
sions by peening the inner surface of the lining,

15. Figure 9430-1 shows a simple jig suitable for rebabbitt-
ings bearings. The two halves of the bearing arc wired to-
gether before tinning, with 1/8- to 1/4-inch spaces picces
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Greose Lubricated Bearings

Oil Lubricated Bearings

Daily Inspection None

1. Check oil level and system pressure gages.

Weekly Inspection or After Each None
extended operation

1. Check oil for presence of water or other
contaninations

Intermediate Inspection (Approx- 1. Check condition of grease.

imately each 6 month.)

2. Check condition and operation

1. Sample oil for neutralization number

Replace that portion which test. If neutralization number {s between
was oxidized or discolored,

0.1 to 0.3, condition of oil 18 satisfactory.
1f neutralization number isbetween 0, 3 to
0.5, forward on oil sample to a tender or

of accessible seal mechanisms. yard for performance of a corrosion test

Adjust as needed.

as outlined by Method #5325 of Fed.
Standard 791. If sample passes this
test, oll may be retained. If 1t does not
pass, oil should be replaced. If neutra-
lization number excceds (0, 5, replace ofl
as soon a.spx;ucuccu.

2. Same as for item 2 of grease lubricated

bearings.
Scheduled Overhaul Inspection 1. Clean and flush bearing and 1. Same as for item | of grease lubricated
housing with a light petroleum bearings.
solvent. (Stoddard solvent,
naphtha, etc.) Wipe exposed 2. Same as for item 2 of grease lubricated
surfaces with a clean dry rag. bearings.
2. Check condition of rolling 3. Same as for item 3 of grease lubricated
element surfaces (stylus bearings.
method).
3. Check condition and opera- 4. Refill with oil selected in accordance

tion of all bearing sealing

mechanisms.

parts as required.

with required specifications.

Replace wom

4. Completely repack bearing
and housing with recommended

grease,

of metal wrapped with asbestos paper between them. The
mandrel is through-bolted 1o a metal plate. The bearing is
placed in position over the mandre! with asbestos paper
between it and the plate. The pouring lip is placed on the
upper end of the bearing. This lip is a ring of either wood
or metal about 3/4 to 1 inch thick. The cross bar is placed
on the center bolt and secured with a nut. Wooden wedges
are driven between the cross bar and the pouring lip and
the molten babbitt poured in. After solidification, the
spacers between the bearing halves are removed and the
halves separated by sawing through the babbitt to the
mandrel on each side.

9430.126 MAINTENANCE INSPECTION

Whenever a bearing is opened up, it should be carefully
inspected for ridges, scores, and amount of wear. If should
be carefully noted whether or not the lining of the bearing
has remained firmly anchored to the shell. If the bearing
surface is found to be scored, uneven, considerably worn,
or the lining loose, the bearing should be replaced with a
spare.

9430.127 ROLLING OUT LOWER HALVES

If difficulty is experienced in rolling out the lower half
of a bearing, it can be started by placing a zinc slab edge-
wise on one side of the joint where the bearing halves meet
and striking the slab with a maul.

9430.128 TREATMENT OF JOURNALS

Journals should be kept free from rust, smooth, and
even at all times. To remove spots of rust, ridges, and
sharp edges of scores, the journals should be lapped with
an oilstone or with an oilstone powder. Carborundum may
be used but in this case great care must be taken to remove
all particles.

9430.129 BEARING ADJUSTMENTS

Bearing adjustments are simple and consist mainly of
alinement, fitting, and grooving where the latter permitted.
However, these adjustments must be carefully and correctly
made by experienced mechanics or serious operating trou-
bles may result. Trouble in alinement of shafting and bear-
ings may be due to faulty shop work. When shafting is in
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Figure 9430-1 Simple jig suitable for rebabbitting bearings.





[image: image28.png]the shop, special care should be taken to see that the cou-
pling faces are truly perpendicular to the shaft axis and that
the peripheries of matching couplings are exactly concen-
tric, as thesc surfaces arc indispensable in verifying the
alinement of shafting and bearings aboard ship.

9430.130 FITTING BEARINGS

1. Modern bearings are usually finished-bored to a diam-
eler cqual to that of the journal plus the desired oil clear-
ance, and little or no fitting should be necessary. Where
hand fittings is required, a mandrel should be used; the man-
drel should have a diameter equal to that of the journal
plus the desired oil clearance. The first step in hand fitting
is to coat the mandrel with a compound such as Prussian
blue. One half of the bearing is placed on the mandrel and
turncd slightly with a light pressure to cause the coloring
on the mandrel to adhere to the high spots on the bearing.
These high spots should be removed with a scraper and the
fitting operation repeated until the coloring matter is uni-
formly distributed over the bearing surface, which indicates
that all of the bearing surface is in contact with the journal.
When no mandrel is used, contact with the journal should
be limited to a small area, about 30°, in the bottom of
the bearing.

2. Care must be taken is craping in a bearing to see that
the lining is kept concentric with the shell and to avoid
taper runout.

9430.131 ADJUSTING BEARINGS BY ““FEEL"
With very small bearings the amount of clearance is often

judged by “feel.” The bearings should be fitted as previously

described and assembled on their journals with the bearing
nuts set up hard. If the clearance is correct, there will be
only the slightest indication of play between the bearing
and its journal and the journal will revolve easily.

9430.132 LINERS

1. In reciprocating engines, liners or shims are generally
used to permit ready adjustments of bearing clearances
within small limits. Such liners are generally copper or
brass. Tinned sheet iron plate should never be used. Liners
should be held in place by dowels and should be made so
as to be readily removable without drawing the bolts. Spare
liners of various thicknesses for all important bearings
should always be kept on hand.

2. Liners are never used in turbine or reduction-gear
bearings.

9430.133 TAKING LEADS

One method used in measuring the clearance of a bear-
ing is called taking a lead and is done as follows:

1. Remove upper half of bearing.

2. Lay several lengths of soft unalloyed lead wire cir-
cumferentially on the journal. Do not use hard fuse wire.
Do not use solder wire of any type. Do not use a large
diameter wire to measure a small clearance as it may de-
flect the cap and give a false reading.

3. Replace upper half of bearing and set up on all bear-
ing nuts. Mark the position of each one

4. Remove top half of bearing, examine and caliper
leads.

9430.134 PLACING LEADS ON JOURNALS

The best method of placing the leads on the journal is
shown in figure 9430-2. Leads should not be used which
arc heavier than required for the clearance to be measured.
When taking leads care should be taken that all bolts, bolt
holes, bearing surfaces, liners (if uscd), and butting faces
of the shells are free from foreign matter. When the leads
have been properly placed and the bearing assembled, the
nuis should be run down 1o bring the shells solidly against
the lincrs or metal to metal of butting faces if no liners are
used. After this has been done, no more force should be
applicd to the nuts since it may result in deforming the
threads or staining the metal of the bolts. When sect up,
the position of the bearing nuts should be marked so that
they may be again tightened the same amount after the
leads have been removed.

+ -SOFY LEAD WIRE\
b

Figure 9430-2

9430.135 MARKING BEARING NUTS

A good method marking bearing nuts is to graduate the
nut collar, numbering each graduation. In selecting the
number of graduations to use, the number of threads to
the inch on the bolt should be considered. For instance,
if the latter is 4 threads per inch and graduations repre-
senting 0.010 of an inch are desired, the number of gradu-
ations required is 25, since each turn of the nut amounts
to 0.250 along the bolt and 1/25 of 0.250 = 0.010.

9430.136 EXAMINATION AND MEASUREMENT OF
LEADS

When the leads are removed from the journal, onc end
of each lead should be pinned to 4 piece of paper with the
leads spaced the same distance apart and arranged in the
same order as they were on the journal. If on examination
the wire is found to be squeezed out evenly along its entire
length, the clearance is uniform. 1f the leads are squeezed
wide and thin in some places, narrow and thick in others,
the clearance is irregular, being least at the wide spots and
greatest at the narrow portions. The thickness of cach lead
should be carcfully measured with a micrometer at scveral
places along the length of the wire in order that the amount
of clearance at all points may be known. Leads which vary
in thickness indicate an uneven bearing surface. Such bear-
ings should be refitted to give a uniform clecarance.

9430.137 DEPTH MICROMETER READINGS

The top of some bearing housings or bearing caps hasa
boss which is machined flat on top and contains a plug
which fills the micrometer hole and protects the machined
flat. This flat must be kept clean and free of nicks if correct
depth readings are to be taken.. A depth constant is scribed




[image: image29.png]on or near this flat. To take a clcarance reading on the bear-
ing the plug is removed, with the lube oil system secured,
the depth micrometer inserted in the hole with it flange flat
on the boss surface, the micrometer shaft screwed down
until it contacts the top of the journal, and a micrometer
reading taken (sce figure 9430-3). The scribed depth con-
stant is then subtracted from the depth reading to give the
increase in bearing clearance or wear which has occurred

in the bearing. When this wear exceeds the allowable wear
limit stated in the applicable equipment technical manual
or that given in this chapter, the bearing should be replaced
or rebabbitted. The depth constant is simply the depth
micrometer reading with a new bearing installed properly
alined and with the bearing cap bolted down. This con-
stant should be checked whenever a new or rebabbitted
bearing is installed and'if it has changed this change should
be noted and used rathier then the scribed constant. If no
depth constant exists, one can be established by simply
taking a depth micrometer reading with a new bearing in-
stalled and using this as the constant.

9430.138 BRIDGE GAGE READINGS

In some types of machinery, bridge gages are supplied
for use in measuring bearing wear. A bridge gage is simply
a stee] bridge which replaces the upper half of the bearing
housing having usually threc or two flats on the inside of
the bridge (sce figure 9430-4). When gage readings are to
be taken, the upper half of the bearing shell is removed and
the bridge installed in its place. Care must be taken that

the parting line surfaces of both the housing lower half and
bridge gage are clean and flat, and that when the gage is
bolted down at the parting line sufficient stress is not in-
troduced to distort the bridge since these will produce in-
correct readings. On or near the flats or bosses on the in-
side of the bridge are scribed depth constants. In takinga
reading a fecler gage is inserted between the flat and jour-
nal and this distance measured. The increase in clearance
or wear is simply the difference between the feeler readings
and the scribed gage constant.

9430.139 CROWN THICKNESS READINGS

Some bearings are marked to allow crown thickness read-
ings to be taken as a measure of bearing wear or clearance
increase. These bearings have radial scribe lines on the end
with thickness constants scribed next to them. There usu-
ally is a circumferential scribe linc around the OD of the
bearing shell about 1/4 to 1/2 inch in from the end. The
thickness of the bearing shell is measured using an ordinary
round-end micrometer at the intersection of the radial and
circumferential scribe lines after the bearing is rolled out,
the difference between the thickness constant and the read-
ing being the wear.

E. Tests and Inspections

9430.141 INSPECTION IN DOCK
~Whenever a vessel is docked, the engincer officer of the
ship shall inspect the propellers, shaft tubes, and outboard

DEPTH MICROMETER

BEARING
PEDESTAL

]

FRONT VIEW

V)

SIDE VIEW

Figure 9430-3. Depth micrometer readings
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Figure 9430-4. Bridge-gage readings

portions of the shafting, couplings, and bearings, and the
result of this inspection shall be entered in the engineering
and ship’s logs. A summary of the conditions found and of
steps taken to correct unsatisfactory conditions shall be
entered under remarks in the next Quarterly Synopis Sheet
submitted after the ship is docked and in the Docking
Report.

9430.142

All bearings shall be inspected at regular intervals as
prescribed in those chapters of the Naval Ships Technical
Manual applying te the machinery in which they are
installed.

9430.143

The operating condition and temperature of spring bear-
ings shall be noted hourly when under way. At the same
time the stern tube stuffing box should be inspected and
the test cock tried to guard against overheating.

9430.144

Spring bearings shall be examined and clearances taken
at least annually unless operating conditions indicate that
more frequent examinations are desirable.

9430.145

A record of all examinations and work done as a result
of these examinations shall be made in the machinery his-
tory including the clearances and amount of wear since
previous inspection.

Part 3. Rolling Contact Bearings

A. Description of Types

9430.151: TYPES OF BALL BEARINGS
1. Ball bearings are not used extensively in main pro-
pelling machinery, but are found in all types of auxiliary
machinery. The Navy-type designations of ball bearings
are as follows:
a. Type 111-Radial-Single row. Derivative:
Radial—-Single row, single shield.
Radial-Single row, double shield.
Radial—Single row, snap ring.
Radial-Single row, single shield, snap ring.
Radial-Single row, single seal.
Radial—Single row, double seal.
b. Type !13—Radial-Single row, inner race extended. -
c. Type 115—Radial-Single row, inch.
d. Type 117—Radial-Single row, inner race extended,
scaled. :
e. Type 120—Radial—Single row, both races ex- .
tended, sealed (sealed for life, cartridge type).
f. Type 123-Radial-Double row, internal self-alining.
g. Type 132—Radial—Single row, magneto.
h. Type 134—Radial thrust, single row.
‘Derivative—Radial thrust, duplex pair, flush ground
(face to face, back to back or tandem mounted).
i. Types 142, 143, 145, and 146—Radial thrust,
double row.
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Grade 00 is the standard grade of precision furnished to
ABEC-1 (Annular Bearing Enginecrs Committee) toler-
ances and is the grade with the widest usage. Grade 50
bearings have closer tolerances in dimensions and are
built to ABEC-5 specifications.

2. Limited application. Unless othcerwise specified or
appro.ed by the Naval Ship Systems Command, all ball
bearir. 3 specifications shall be limited to grade 00 (stand-
ard) bearings of types as follows:

a. Type 111.
b. Type 117.
¢. Type 120.
d. Type 132.
e. Type 134,

Those types shown in 9430.151.1. but not shown in
9430.151.2. are not approved for NAVSHIPS usuage
except as designated in special application where approval
has been granted.

0430.152 TYPES OF ROLLER BEARINGS
1. Roller bearings are used in main propelling machinery
only to a limited extent, as specifically approved by NAV-
SHIPS, but are used extensively in auxiliary machinery. As
used normally in the Navy, they are described by type,
grade, and nomenclature designations as follows:
a. Cylindrical roller bearings:

- (1) Radial, cylindrical, nonlocating, single row
type 211—Two lip inner ring, outer ring with two roller
retainment snap rings.

Type 212-Two lip inner ring, plain outer ring.

Type 214—Plain inner ring—outer ring with roller
retainment snap rings.

Type 215—Plain inner ring—two lip outer ring.

(2) Radial, cylindrical, one direction locating,
single row type 231—Two lip inner ring—one lip outer
ring.

Type 233—One lip inner ring—Two lip outer ring.

(3) Radial, cylindrical, two direction locating,
single row type 237—Two lip inner ring—two lip outer
(nonseparable assembly).

Type 238—Two lip inner ring (one lip of inner
ring separable and extended). Two lip outer ring.

b. Spherical roller bearings:

Radical, internal self-alining, double row, spherical,
two direction locating.

Type 264—Double row, internal self-alining (non-
separable asscmbly).

c. Tapered roller bearings:

Type 751—Straight bore, normal angle.

Type 753—Straight bore, steep angle.

Type 755—Straight bore, flanged cup.

Type 757—Double row, straight bore, double
cone and two single cups.

Type 761-Double row, straight bore, two single
cones and a double cup.

Type 763—Double row, straight bore, two single
cones and a double cup, steep angle.

Type 764—Double row, nonadjustable, straight
bore, two cones and one double cup, normal angle.

Type 767—Double row, nonadjustable, straight
bore, two cones and one double cup, stcep angle.

Roller bearings of the types listed in 9430.152.1.a. and
9430.152.1.b. are manufactured in grade 00 (standard)
to RBEC-1 (Roller Bearing Engincers Committee) toler-
ances. Taperced roller bearings of the types listed in
9430.152.1.c. are manufactured in grade 00 (standard)
and grade 50 (Precision) to TBEC4 (Thrust Bearing Engi-
neers Committec) and TBEC-0 tolerances respectively.
Unless otherwise specified or approved by the Naval Ship
Systems Command, all roller-bearing applications shall be
limited to grade 00 (Standard) bearings.

2. Limited applications. Unless otherwise specified or
approved by NAVSHIPS, roller-bearing applications are
limited to the types set forth in 9430.152.1.a., b, and c.
Care should be exercised that these types are used within
their safe load and speed capacities.

9430.153 IDENTIFICATION

In ordering Rolling Contact bearings, the Military Stand-
ard MIL-STD. 102 type, nomenclature, and dimensions as
well as the bearing number should be specified. This con-
stitutes a complete description of standard bearings. The
bearings themselves will not bear the Navy Department
designations of type. This information as obtained from
the bearing container should be noted on the drawings and
in the machinery history of the unit.

9430.154 GENERAL APPLICATION

1. Type 111 and derivative bearings have the most gen-
eral application and should always be uscd for loads within
their safe radial and thrust load capacity. Type 134 becar-
ings are intended for use where it is desired to use a single-
row bearing capable of carrying heavy combined radial
and thrust loads from one direction, particularly where
the thrust component is large and where axial location is
essential. The type 134 derivative bearing is comprised of
two type 134 bearings mounted back to back (DB), face
to face (DF), or in tendem (DT). For combination of
radial load and thrust loads in two directions, the DF
mounting is usually employed. For thrust or combined
loads in either direction, the DB mounting provides a
rigid radial support where the bearings are allowed to
float axially in the housing. The DT mounting is for very
heavy thrust in one direction and may employ more than
two bearings.

2. Types 117 and 118 are essentially radial ball bearings
modified in width to allow the use of a contact type of
seal. These types have the same capacity as their counter-
part, type 111, but are used where scaling lubricant in or
foreign matter out is of primary importance.

3. Type 132 is a bariation.of the radial type often re-
ferred to as the separable type. This designation refers to
the fact that the bearing is easily separated into its com-
ponent parts. [ts construction permits assembling the vari-
ous component members on shafts and into housings sepa-
rately allowing ease of assembly. The bearing is capable of
carrying both radial load and thrust load in one direction.

4. Type 212 and 214 bearings have the most general
applications in the cylindrical roller bearing types. Be-
cause cylindrical roller bearings afford a greater degree of
surface contact, they can withstand comparatively heavy
radial and shock loads. This type of bearing is produced
to the same dimensional patterns as ball bearings.
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machinery. This type of bearing, by its spherical rolls and
races, has the ability to handle misalinement and still give
high radial capacity; they are also capable of carrying
thrust loads and extreme conditions of shock loading.

6. Type 751 in the tapered roller bearing style is most
popular in the general run of auxiliary machinery. The
particular uscfulness of this bearing lies in the fact that
it will carry all loads regardless of whether they are radial,
thrust, or in any combination.

9430.155 BEARING REQUIREMENTS

As in the case of the “sliding surface” type of bearing,
the requirements are of such a nature that only a general
statement is applicable. In the selection of a “rolling con-

tact” bearing, consideration must be given to the following:

1. Machine characteristics such as:
a. Magnitude and character of the loading.
b. Speed.
c. Operating temperature.
d. Shaft and housing design.
e. Mcthod of sealing.
2. Type of lubricant selected.
3. Precision of bearing needed.
4. General operating conditions.

9430.156

It is of prime importance that each bearing be selected
with a view toward meeting the conditions to be imposed
during that bearing’s operating life.

B. Maintenance

9430.161 MAINTENANCE TESTS AND INSPECTION

The procedure as outlined in the instruction manual for
the piece of equipment in which the bearings are used
should be followed whenever possible.

9430.162 CARE IN HANDLING

Even though most type of rolling contact bearings look
very rugged, they must be handled as carefully as any piece
of extreme precision equipment should be handled. Nearly
all premature failures of this type of bearing can be attrib-
uted either to careless handling or to incorrect mainte-
nance.

The observance of the following principles will aid in
proper maintanance.

1. Don’t remove the bearing from its container until
every preparation has been made for installation. When
the bearing is removed from the container, make sure no
foreign matter gets into it during installation.

2. Be certain that the journal, housing, or any other of
the mating parts are of proper dimension.

3. Avoid damage during handling—don’t drop.

4. Keep moisture and dirt away from the bearing and
its associated shaft and housing.

5. Use proper demounting and assembly tools.

6. Use the correct lubricant in the prescribed amount,

After assembly and prior to putting the installation into
operation, the journal should be rotated by hand for assur-
ance that there is no abnormal resistance anywhere.

9430.163 SOUND TESTING

A very useful method of determining whether the bear-
ing is operating satisfactorily without opening the housing
is to place the blade end of a crews driver against the bear-
ing housing and the grip end against the ear. If an irregular,
harsh knocking or rumbling is heard, the housing should be
disassembled and a visual check of the bearing made to
determine the cause of the abnormal sound.

1t should be reimcembered that this method is compara-
tive and should not be used as a basis for tearing a picce of
equipment down unless the listener has had considerable
expcrience.

9430.164 CLEANING

Cleaning of bearings should be avoided whenever pos-
sible since foreign matter can easily get into the bearing
during the cleaning procedure. If washing is unavoidable,
a solvent complying with Federal Specification P-5-661-A
or a low visocity lubricating oil should be used. After the
wash, care should be exercised to get the bearing as dry as
possible without actually wiping. After cleaning and dry-
ing, it is essential that the bearing be dipped immediately
into hot lubricating oil or all surfaces!should be covered
with the grease to be used in the application. The inner
and outer races should be rotated during both methods
5o as to ensure all surfaces being coated with the lubricant.

NOTE: Do not handle or spin the bearing when it is
dry. Do not leave finger prints on the bearing.

9430.165 LUBRICATION OF ROLLING TYPE
BEARINGS

1. Lubrication in this type bearing differs radically from
the lubrication of the sliding surface bearing in that, due to
the high unit pressures, the journal is supported by the
races and rolling elements rather than by an oil film. The
lubricant still plays an important part in the operation of
this type of bearing because it helps to dissipate the heat
generated in the bearing, aids in preventing corrosion, and
leads a measure of protection against entry of foreign mat-
ter into the bearing.

2. As a general rule, all rolling contact bearings may be
lubricated with oil, while the use of grease is limited by the
type of application and the speed of rotation of the bear-
ing. Where grease is acceptable, it decreases the sealing
and fire hazard problems.

3. When either grease or oil is used, care should be ex-
ercised to provide protective films on the bearing parts;
yet, not too much lubricant should be used, since this
would cause churning of the lubricant and subsequent over-
heating of the bearing. The maximum temperature of bear-
ings in service should not exceed 230° F. under maximum
designed conditions of operation. Bearings operating above
this temperature should be heat stabilized and lubricated
with a high temperature lubricant.

9430.166 FITS

1. Antifriction bearing bores and outside diamecters are
made within certain defined tolerances, different kinds of
fits being obtained by varying the dimensions of the mating
shaft or housing. The bearings have rings of relatively small




[image: image33.png]sectional area and, therefore, are easily distorted and ex-
panded (or contracted) by an appreciable amount when
tight fits are employed. Bearing manufactures endeavor to
compensate for the changes in internal radial clearance
brought about by fit and temperature cffects by providing
their standard bearings with sufficient initial internal radial
clearance to meet the usual requircments.

2. For the great majority of bearings, the idcal condi-
tion is a small amount of internal radial clearance—very
small for ball bearings, and slightly more for roller bearings.
This is one of the main points to bear in mind when fitting
mating parts. Other points are the prevention of undesir-
able movement between the mating parts when they should
rotate as a unit; and when one part must be allowed to
move axially in relation to the other, provision must be
made for no more clearance than will make this possible.

3. When ball and roller bearings have failed in service,
they should be renewed since they cannot be repaired or
reconditioned to meet NAVSHIPS standards. Replacement
bearings must be carefully installed to ensure satisfactory
service.

4. Limits and fits are ordinarily determined by the
equipment manufacturer when building a piece of machin-
ery. It is just as important in the repair and maintenance
of the machine or piece of equipment that the limits and
fits best suited for the application be maintained, since the
life and service of the replacement bearing may well de-
pend on this factor.

5. Tables 1 and 2 are included for use where specific
instructions are not available as to shaft and housing fits
a-d limits. Table 1 covers shaft and housing fits for bear-
ir.zs built to metric dimensions and table 2 is to be used
with bearings built to inch dimensions.

6. Example of use of table. The application is a small
clectric motor using type 111 bearings of the following
dimensions: Bore 50 mm., outside diameter 90 mm., and
width 20 mm. The bearings are to be grade 00 (Standard)
built to ABEC-1 tolerances. For this application, it is
decided to use a medium driving fit on the shaft and a
push fit into the housing.

The tolerances on a grade 00 bearing are
+.0000" +.0000""
bore—50 mm -.0005", OD—-90 mm. {-.0006".

The shaft and housing limits as taken from table 1 would be:

+.0005" -.0002"

+.0001" +.0006"
Converting the millimeter dimensions to inch dimensions
the following is obtained:

shaft—50 mm and housing—90 mm.{

Bearing, bore 1.9685 { tgggg,

oD 3.5433 {"_L_'gggg,','
Shaft 1.9685 {:gggf:
Housing 3.5433 {;gggé,

Using the tolerances and limits as shown, the bearing bore
could be from 1.9685" to 1.9680" and the shaft from
1.9690 to 1.9686". In working to these dimensions a

mean resultant interference fit of 0.0005" would be ob-
tained between the shaft and the bore of the bearing. In
the case of the outside diameter of the bearing and the
bore of the housing, the OD would be from 3.5433" to
3.5427" while the housing dimensions would be 3.5431"
to 3.5439" resulting in a mean resultant clearance of
0.0005".

Part 4. Special Precautions

9430.181 GENERAL PRECAUTIONS

The following precautions should be observed when
working with sliding surface and rolling contact bearings:

1. Unless absolutely necessary, never use a piece of
machinery if it is known that the bearings are in poor
condition.

2. Since good bearing performance is so intimately
dependent on proper lubrication, never start a piece of
machinery until it is known that all bearings are being
properly supplied with lubricant, both as to quality and
quantity.

3. Determine the normal running temperature of each
bearing under all conditions of load and speed, and inves-
tigate immediately any departure therefrom.

4. The rapid heating of a bearing is a danger sign. A
bearing temperature uncomfortably hot to the hand is not
necessarily running dangerously overheated. If the bearing
has taken an hour or more to reach that temperature, it is
probably safe, but if that same temperature is reached in
10 or 15 minutes, scrious trouble may be expected.

5. Watch the performance of newly installed bearings
carefully on first starting a piece of machinery until it is
known that they have reached and are operating at a safe
running temperature.

6. If possible, newly installed bearings should be given
a run-in period with no load being applied.

7. Do not use waste in cleaning bearings or journals.
Use clean rags.

9430.182 PRECAUTIONS APPLICABLE TO SLIDING
SURFACE BEARINGS

The following precautions are applicable to sliding sur-
face bearings:

1. When refitting sliding surface bearings, follow instruc-
tioris on clearances as given in machinery plans and manu-
facturers’ instruction books. Clearances given in paragraph
9430.108 of this chapter are intended to be used only in
the absence of other instructions, and they represent the
minimum acceptable clearances at any point in the bearing.

2. In assembling and installing sliding surface bearings
with symmetrical halves, be careful not to end-to-end one
of the halves or to reverse the assembled bearing in its ped-
estal as this may cover the lubricant inlet passage.

3. Do not cut grooves in sliding surface bearings in any
other manner than shown on the plans.

4. Where grooving is permitted, do not cut grooves to
the end of the bearing as loss of lubricant will result.

5. Clean out wells of self-lubricated bearings at frequent
intervals and see that the rings or chains run freely at all
times. Do not permit chains to drag on the bottom of
wells as a hole may be worn through, causing loss of lubri-
cant and failure of the bearing.
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[image: image36.png]6. Do not attempt to “nurse” a “wiped” bearing back
to shape. The only remedy is a refitting or a renewal.

7. When taking leads, make certain that the bearing
halves are set up metal to metal.

8. Do not file or machine bearing joints.

9. With stern tube bearings lined with rubber strips,
if the salt water circulating system is used, insure that no
oily water is pumped through the bearing,

9430.183 PRECAUTIONS APPLICABLE TO ROLLING
CONTACT BEARINGS
1. When renewing rolling contact bearings, be sure to
use the type and grade designated in the machinery plans.

2. Never attempt to repair damaged rolling contact bear-
ings by replacing balls or rollers.

3. Do not remove a rolling contact bearing from its
original container and wrapping until cvery preparation
has been made to install it

4. When installing rolling contact bearings, be sure that
the inner race is scated tightly against the shaft shoulder.

5. Avoid excessive lubricant in rolling contact bearings.
Very little lubricant is required.

6. Be particularly careful to seal housings of rolling con-
tact bearings against entry of foreign matter.
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One of the tasks assigned Panel M-[6
{Modernization of Propulsion Shaft System) of the
Society's Technical and Research Program, under the
guldance of the Ships' Machinery Committee, is the
investigation and evaluation of various types of
shaft bearings with their related problems under

simulated and actual operating conditions.

This report was prepared as a panel
effort to summarize and disseminate available Infor-
mation on only one phase of this extensive program,
I+ is thelr hope that these recommendations wiil be
of assistance in the repair of cast copper base

tailshaft liners.
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[image: image41.png]SUGGESTED METHODS OF RECONDITIONING

CAST COPPER BASE TAILSHAFT LINERS

FOR
CARGO AND TANKER VESSELS

1. Introduction

These recommendations deal with repair methods that are
employed to recondition casl copper base |iners on tailshafts when

perjodic examinations reveal repairs to be necessary or des|rable.

2. Service Attributed Liner Defects

2.1 Wear

The bronze liner is subject to wear in the way of the |ignum
vitae stern bearing. The wear pattern varies from a heavy buffing
with little metal loss to deep scoring with substantial loss in wall
thickness depending upon a variety of conditions arising from actual
operation.

The liner is also subject to wear underneath the stern tube

gland packing which also may vary from a buffed surface to deep scor-

ing.

2.1.1 Patterned Corrosion Erosion

Some liners show a corrosion erosion effect in addition to
wear. These corroded-eroded areas are longitudinal and equally spaced
around the circumference of the liner in equal number to the number of

blades in the propeller. It is believed that a cavitation effect is

involved.




[image: image42.png]2.2 Loosening of Liner

Occasionally a liner will be found to be loose on the shaft.

2.3 Cracks and Breakage

Some |lners have cracked or broken in the vicinity of welded
repairs. Cracking was once a problem on certain liners in contact with
phenolic resin bearings. Corrective design measures and a change to

lignum vitae or rubber bearings has greatly reduced the incidence of

such cracking.

3. Liner Materials

3.1 Typical Compositions

The bronzes which are currently used for the production of
tailshaft liners in the Unlted States and Canada are given In Table I.
Comparable alloys are used overseas and most |iners are centrifugally
cast in order fto obtain a dense structure for strength and water
tightness. The 80-20 Copper-Nickel alloy was introduced about 1962

but service experience for this material remains to: be established.

3.2 Weldability of Liner Materials

None of the cast copper alloys commonly used for liners on
merchant ship and tanker tailshafts lend themselves readily to weld-
ing. Welded repairs have been made with varying degrees of success
on the tin bronze Navy G composition. The shipyard contemplating

the repair of a worn liner should first determine ‘the liner material

from the records or by chemical analysis. If the liner is Navy G




[image: image43.png]TABLE 1 - Principal'Materials Used for Tailshaft Liners

TYPE: "G" Bronze "M" Bronze "Ounce Metal" 80-20 Cu Ni
SPECIFICATIONS ASTM B271-B143 ASTM B271-Bl43 ASTM B271-Bl45 ASTM B271-
Grade 1A Grade 2A Grade 4A 80/20 Copper-Nickel
MECHANICAL PROPERTIES
Yield Strength, psi-min. 18,000 16,000 f4,000 '55,000%
Tensiie Strength, psi-min. 40,000 34,000 30,000 75,000%
Elongation in 2" - % 20 - 22 20 [0*
Brinell Hardness Number ,
(approx.) 65 65 60 150
CHEMICAL COMPOSITION - %
Sn 9-11 5.5-6.5 4-6 | max.
Zn - 3 3-5 4-6 I max.
Pb 0.3 max. {-2 4-6 I max.
Ni | max. I max. I max. 18-22
Cu Remainder Rema inder. Remainde Remainder
|  (=9-g%) (esi- 215D (1 %% (3. %9
RELATED SPECHF{CATIONS Mil-C-15345 Alloy 8 Mil-C-15345 Alloy 9 Mil-B-16444 Nons
QOL~-225-5 QQL=225-1 QQL-225-2 None
SAE 62 SAE 622 SAE 40 None

¥ Limits will be established when ASTM specification is adopted. Meanwhile, these are'a mztter of
negotiation with producer of liner.




[image: image44.png]bronze with a low lead content, a limited amount of welded repairs
may be undertaken with reasonable expectation of useful results.
In every case the we[ding procedure the shipyard proposes o use
| for the repairs should be carefully reviewed and approved by the

ship owner and the classiflication authorities.

3.3 Effect of Composition on Weldability

The lead content of Navy M (valve bronze) and hydraulic
bronze or ounce metal is so high that it is better to leave even
minor defects rather than to altempt welded repairs on these 1wo
liner materials. Lead is limited to 0.3% max in the Navy G compo-
sition and in many foundries it Is held well below this figure. As
the lead content decreases below 0.3% the chances of making satls-
factory welded repairs incieases; but there is no well established
minimum lead content that insures against some underbead cracking.
In the case of the copper-=nickel liners, silicon is intentionally
kept on the high side to give the hardness and wear resistance
characteristic of this composition. At the desirable level of

silicon, it is better to leave even minor defects than attempt

welded repairs on 80-20 copper-nickel.

4, Repair Procedures

4,1 In Place Repairs

When a shaft is drawn for inspection, repairs in place on
board the ship can be carried out only with hand tools or portable

power tools and require care so that the circularity and trueness




[image: image45.png]of the liner are not impaired; ofherwiseifhe shaft should be removed
to the shop where it can be remachined or reconditioned in another

manner. Good judgment is necessary to determine when in place dress-
ing of the liner would be effecfive in restoring wearing surfaces to

a serviceable condition.

4.2 Remachining

A shﬁf* liner will groove in service in way of the bearings
and stuffing box packing. Normal practice is to machine the liner
down to a smooth surface when the stern tube bearings are renewed. In
machining liners to smooth the surface, adequate liner thickness musf
remain to assure watertight integrity of the {iner until the pext
scheduled dry docking. There are no standards or recommendatlons
published on the minimum thickness to which the |iner can be machined.
However, as a gulide It Is suggested that a |iner should not be put
back into service if the projected thickness at the next schedu{ed
dry docking and !iner inspectlion, based on previous.service‘weé} rate,
Is less than 1/3 the minimum classification rule Thickness for new
liners, but in no case less than 0.5 inch. (Note: +the original liner
thickness installed may not be the minimum since new liners are nor-
mally Installed with a thickness in excess of classificatlion rule
requirements.) Since The weardown on the |iner must be compensated
by increasing the thickness of the lignum vitae wood segments, this
poses an additional consideration as to the amount of weardown that
can be tolerated prior to renewal. Prudent judgment must be exercised

in determining the minimum Iiner thickness since the quality of the




[image: image46.png]liner is very important. For instance, the tiner should not be pul

back into service if porous, cracked, or loose on the shaft.

4,3 Partial Renewals

4.3.1 After End of Liner

Where the afler end of the liner, in way of the stern bear-
ing, is found to be so badly worn fthat remachining would result in a
marginal thickness, the practice is to remove the worn section and to
fit and shrink a new length of liner of the same thickness as original.
The new length is joined to the remainder of the lfner by means of a

properly welded or approved rubber sealing joint located forward of

the bearing.

4.3.2 Forward End of Liner

Where the forward end of the liner, in way of the stern
gland, is found‘To be so badly worn that remachining would resul+
in.a marginal liner thickness, the practice has been to remove the
worn section and to partially renew the liner QiTh a short length
of centrifugally cast material which Is cut, fitted to the shaft and
welded with longitudinal and circumferential welds and machined to
the same diameter as original. In welding the longitudinal and cir-
cunferential joints, care should be taken to avoid burning the weld
into the steel by proper joint preparation. Refer to Fig. | for pre-

cautions to minimize welding arc burﬁing into the steel.
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4.3.3 Effectiveness of Welded Joints

In making the welded joints referred to in 4.3.1 and 4.3.2,
the necessity for shielding the steel shaft from welding heat, ferrite
dilution, and welding scars results in a joint which may have a
strength not much better than 50 per cent of the full thickness of the
| iner even though it might be strong enough and structurally sound to
be watertight. |In addition to a lower strength, the joint geometry
introduces stress concentrations. |t is fér these reasons, when mak-
ing partial renewals of after ends of liners, that the practice is to

locate the welded joint clear of the stern bearing.
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The repairs outlined in 4.3.2 are effective in recondifion-
ing tailshaft liners but are expensive since they involve the procure-
ment of a new length of centrifugally cast liner which require careful
machining to secure the desired joint preparation for welding. The
alternative repair method Is the surfacing of the worn areas with weld

deposited metal and machining fo restore the liner to Its original

diameter.

4.4.1 Forward End of Liner

(a) Inspection and Machining - The tailshaft should be placed

in @ lathe, checked for true runout and the liner further
inspected for defects which might not have been detected
during shipboard inspection. Worn or pitted surfaces
should be machined to a sound, clean metal base in the
area to be surface welded.

(b) Welding Procedure - The details of the welding procedure

proposed for the repair of the Navy G composition should

be developed by the shipyard and approved by the ship owner
and the classification authorities as previously stated.
The inert gas metal arc (MIG process) has given good fe—
sults with copper base alloys. The preferred filler wire

is a straight tin bronze type ECuSn-C or ECuS1-A2, 1/16"

diameter.
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