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INTRODUCT ION
BACKGROUND

The Navy's extensive use of babbitt bearings in surface ship
machinery requires that Navy tenders and repadir ships have the
capability cf repairing habkitt metal bearings on bcard. The
practice of casting babbitt within the limited facilities of a
tender's foundry has evolved over years to a "traditional" pro-
cedure passed on by crew chiefs. This method is simpler than

the bearing manufacture's methods’'.? which are designed to optimize
bearing strength, and require a large, well-equipped facility. In
present tender practice, the babbitt lining of a bearing is bonded
to the steel or bronze bearing shell by means of a tin interface
layer. Normally, the tin is applied to the hot bearing shell,
after which the shell is set up in a mold and molten babbitt

poured in.

The primary difference in the methods is the way in which the
tin interface layer is applied. Manufacturers are able to use a
bath of molten tin in which the hot bearing shell is immersed;
however, aboard ship the shell is heated by a flame torch, and
a stick of tin is melted on the shell, much as solder is applied
to connections. The hot tin layer oxidizes rapidly, while
cooling, and the subsequent bond is often weak and brittle.
Many turbine gear, and lineshaft bearings are renewed annually
because of poor bonding. Furthermore, rebabbitting bearings
frequently requires excessive man-hours of work because ot the
unsatisfactory bonding and consequent rework.

The traditional method, as well as modifications, and
alternatives to this method were investigated to d=velop and
recommend a simple, improved method of bonding babbitt bearing
linings to metallic bearing shells. The investigation intended
to characterize the important features of a simple babbitt-
bonding procedure for possible use in a tender's foundry.
Various babbitt-bonding procedures were used to make tensile
specimens of steel bonded to babbitt. The breaking strength
of these specimens was used to evaluate the relative efficiency
~f several bonding methods, as compared to the standard method
o using a tin bath for applying the tin interface layer.

Means of improving the torch/tin stick method as well as
metheds to eliminate tinning, and electroplating methods were
studied.

lguperscripts refer to similarly numbered entries in the Techni-
cal References at the end of the text.
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MATERIALS

The babbitt metal used was a tin-based babbitt alloy number
2 (Navy designation). The alloy is commercially available under
a variety of trade names all with a nominal composition of 7%-
8% antimony, 3%-4% copper, and the remainder tine (88% minimum).
Commercially pure tin metal was used in the tinning processes.
The flux, when employed, was a standard solution of zinc
¢hloride made from zinc metal dissolved in concentrated
hydrochloric acid. Low carbon steel bars (AJSI 1Cl5), 1/2 inch
x 1/2 inch x 20 feet (12.7 m x 12.7 mm x 5.096 m),* were used
as the base metal to which the babbitt was bcnded.

DESCRIPTION OF EQUIPMENT

The babbitt was cast into a stainless steel fixture (figure
1) which held the steel bars in a gapped position during casting,
so that the steel bars and the fixture when assembled formed the
mold. A stainless steel crucible in a pot of molten lead held
the tin bath. Wwhen torch tinning was performed, an oxy-acetylene
torch adjusted to give a reducing flame was used to heat the
assembly, and the tin was applied with a tin stick, a long thin
bar of tin metal. The flux solution was applied directly with a
flux. brush, i.e., no flux-cored sticks were used.

METHOD OF TEST

The strength of the babbitt-to-steel bond was measured using
a tensile specimen composed of the two 1/2-inch square (12.7 nmm)
steel bars whose ends were joined in a slug of cast babbitt
approximately 3/4 inch (19.05 mm) long and 1/2 inch (12.7 mn)
square. The specimens were pulled in a universal testing machine
which recorded the maximum load to failure. The maximum stress
was calculated from the maximum locad and the cross-sectional
area of the fracture.

BONDING METHODS

. F@ve different babbitt-to--steel bonding methods were
investigated, and these are described briefly in the following.

*A list of abbreviations used appears on page i.
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Method I - Standard Method (Tin Bath)

o2 T SN,

This method simulated the recommended procedure for achieving
a strong babbitt metal-tn-steel bond, and is used in the manu-
facture of new babbitt bearings. The steps performed.were as
follows:

® Sand the steel surface (smooth) to remove rust.

Degrease the steel surface with acetone.

S o g e e

e “lux the steel with a solution of znCl.

=

¢ Hold in a tin bath for 1 minute at 700° F (371° C).

® Insert tinned steel blanks into stainless steel
fixture and preheat in furnace.

® Cast liquid babbitt into mold cavity.

{ @ Stir molten babbitt and cocl mold with flowing
water.

Methcd 1I - Torch Tinnina

This method simularved present Navy tender foundry practices.
The characteristic feature of this method was the use of a
heating torch/tin stick instead of a tin bath. The steps were as
follows:

@ Sand and degrease the steel bars with acetone.

e Heat the steel with an oxy-acetylene torch while
applying zZnCl solution and tin from a tin stick.

T AT ot B T P IR o M U o

e Insert tinned blanks into casting fixture.
® Preheat fixture assembly.

o Cast liquid babbitt into mold cavity.

TN e PRy s, e A

® Stir molten babbhitt and cool mold with flowing
water,

Method III - No Tinning

This method simulated a bonding method which eliminated
the tinning steps to find if flux alone might give adequate
bonding. The steps are listed below:

e Sand and degrease the steel hars with acetone.

© Place cleaned steel blank into casting fixture.

76-0037 3
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® Preheat fixture assembly.

e Pour flux into fixture just prior to casting.

# Cast liquid babbitt into mold cavity.

® 5Stir molten babbitt and cool with flowing water.
Method 1V - Electroplated Nickel

This method incorporated a substitute for tinning, wherein

a portazble electrxoplating rig was used to electroplate nickel
onto the steel, instead ¢of tinning the surface with molten metal.
The method was as follows:

# Sand and deyrease the steel bars with acetone.

@ Electrcplate nickel with commercially available
plating kit.2

e Insert plated steel blanks into the cast fixture.
® Preheat fixture assembly.
® Pour flux into mold just prior to casting.
® Cast liquid babbitt into mold cavity.
@ Stir molten babbitt and cool with water.
Method V - Rebabbitting
This method simulated the rebabbitting of previously cast
bearings to determine whether the tinnihg or nickel plating

could be reused by melting off the old babbitt and recasting
new babbitt.

4 e Melt off babbitt from previourly habbitted speci-
mens.
?’ ¢ Insert the steel blanks into casting fixture.
;é ® Preheat fixture assembly.
»ﬁi e Pour flux into mold just prior to casting.
e Cast liquid babbitt into mold cavity.
 £ ® Stir molten babbitt and cool with flowing water.
‘. | 76-0037 4
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It has been found! that a tin-bath temperature of 660° F
{(349° ¢) to 930° F (439° C) is necessary for good tinning of
steel; accordingly, a temperature of 700° F (371° C) was chosen
as the tin-bath temperature used for method 1I.

The babbitt temperature in the ladle at pouring v:as T00° F
(371° c). Since the mass of the mold was approximately 190 times
that of the babbitt and the mold material's heat capacity was
over 2.5 times that of the babbitt, the cooling and solidifi-
cation was controlled by the mold preheat temperature. The
temperatures used for preheating were chosen to cover the range
of recommended mold and babbitt temperatures, as found in the
literature.?,%,4 Preheating was done in an electric muffle
furnace, with the temperature measured by a type K thermocouple
on the mold surface. The temuerature of the moid assembly at
the time of removal from the furnace was recorcaed; the babbitt
was cast in the mold within 10 seconds after the mold assembly
was removed from the furnace.

RESULTE AND DISCUSSION

The results of the tensile tests performed on the babbitt-
bonded assemblies are given in figures 2 and 35, including both
the average and range of breaking strengths for each group of ;
four specimens cast by ¢he method and at the temperature indi-
cated.

The results for method I, the standard method, using a mold
preheat temperature of 620° F (327° C) and 700° F (371° C) show
that the breaking strength varied greatly in the eight specimens
tested. Only one of the specimens, with a breaking stress of
16,200 psi (112 MPa) failed in the babbitt rather than at the
babbitt steel bond. The other seven specimens failed at the
bond with breaking strength as low as 2,600 psi (17.9 MPa).

All of the seven specimens with bond failures had oxides

covering 3C% to 90% of the fracture surface. Theoretically,

the oxide layer on the tinned surface should float to the sur-
face of the babbitt and, therefore, not degrade the bond
integrity. Method I was modified to alleviate the problem of

the tenacious oxide film., Pouring a small amount of flux
solutior into the mold prior to casting the habbitt allowed the
flux to float on the babbitt and remove the oxide as the level

of the babbitt rosz in the mold. This method, IA, gave excellent
results, as scen in figure 2, where all of the 20 specimens
tested Zailed in the babbitt. The average breaking strength of
all the specimens was 13,500 psi (9% MPa). Hence. the bond strength
must have been higher than the breaking strength. Although this
method gave good results, the size of the tin bath necessary to
hold a large bearing shell makes it impractical for shioboard use.

2 e b SR R -
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Method I1 was the result of a survey cof procedures used on
four tenders (AD 19, AD 26, AD 38, and AS 36). The only surface
conditioning used was acetone degreasing and sanding. The blanks
were tinned with an oxy-acetylene torch adjusted to give a
reducing flame. Torch tinning dces not reqguire a tin bath or

any floor space for permanent cquipment. The results for eight
specimens done by method II are shown in figure 2. The failures .
always occurred in the bond. The series performed at a mold of E
670° F (354° C) contained some trapped oxide on all of the )
fractures, and the average breaking strength was 23% to 46% lower ;
than for method IA. To remove the trapped oxides during casting,
method II was also modified to include the additional step of
pouring flux into the mold prior to casting. The results for the :
nodified method, IIA, are shown in figure 2. The average |
breaking strength of method IIA was higher than method II but
lower than method IA. Of the 20 specimens tested, four failed !
in tbe babbitt, and the remainder had from 10% to 50% of their '
fracture in the babbitt. The fracture surfaces indicated that

the bond strength approximated the strength of the babbitt.

Method III was investigated as a possible method of
simplification which eliminated the tinning step entirely.
Surface preparation was limited to degreasing with acetone and
sanding. In all the tests, flux was poured into the mold just
prior to casting. Although the average bond strength in some
tests of method IIT approach that of method IA, all of the
specimens prepared by method III failed at the bond. This may
have been due to a brittle, copper-rich phase of babbitt forming
on the steel surface when a tin layer is not present. This
difference in phase distribution may be noted in comparing
figures 4 and 5, which are microprobe scan photographs of the
distribution of copper at the interface between the steel and
the babbitt.

Method IIIA was performed to determine the effect of an
0il residue on the steel surface during preheating. After the
steel blanks were degreased and sanded, they were dipped in
machine oil and then placed in the stainless steel fixture.
Further preparation was as for the other specimens prepared
by method III. The specimens were cast with the mold preneated
to 650° F and the average breaking strength was reduced 16% from
the average of the eight specimens prepared by method III at 650° F.
The range of breaking stresses was much greater with method IIIA.
All four specimens failed at the bond, and three of the four had
trapped 5il residue on the fracture surface.
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Method IV utilirzed a nickel-platinyg process to replace the
t inning process. A nickel surface was electrochemically applied
to the degreased and sanded steel surface with a portable brush
plating apparatus.® The results for the specimens prepared by
this method, figure 3, showed the procedure to be less effective
than IA, I1A, and III. The breaking strengths were from 9% to
7" lower than 1A, and all of the 16 specimens tested failed at
the babbitt-to-nickel bond.

Method VA was used to investigate the rebabbitting of
specimens prepared by method IA which were previously prepared
and tested. The babbitt was melted off the steel blanks, and
new babbitt was cast to the same steel blanks with no other
surface preparation. Methoed VB was similar to VA, but the steel
blanks had been prepared by method III. The reduction of
average breaking strength varied from 22% to T7% of the strength
of the.original value. All of the 24 specimens rebabbitted and
tested failed at the steel-~babbitt interface.

CONCLUSIONS

In ~omparing the results of the five different methods of
casting babbitt, several conclusions may be drawn:

® The best method was the standard (tin-bath) method.

e The deleterious effect of oxides on the tinned
surfaces can be eliminated through use of flux just prior to
the babbitt casting.

e The tinning of a steel surface is required for a
bond strength greater than that of the babbitt metal.

® Nickel plating is not a worthwhile alternative to
tinning. Although a clean metal surface without a tin layer
may have a high breaking strength, the bond will usually be
weaker than the babbitt itself.

RECOMMENDAT ION

Aboard Navy tenders and repair ships where the torch tinning
must be used, it is recommended that procedures fnr these ships
be specially documented and include the step of applying flux
just prior to casting the babbitt, the procedures described
under method IIA of this report.
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MOLD TEMPERATURE ' BREAKING STRESS, KS!
METHOD 2 4 6 8 0 1 W4 1
.F .C ' ' MPOI T H
20 40 60 80 100
I 620 327 k @ 1
I 700 7 —eo- .
IA 580 204 tord
IA 600 316 —®—
1A 650 343 —%— !
IA 660 349 F—— ,
1A 700 371 -6
I 560 293 o
IO 670 354 —o—
IIA 550 288 H—e—i
A 614 329 F—e—
IIA 650 343 ——
A 700 371 —e-
OA 750 399 —o— |
A 950 510 o— §
1 RANGE OF BREAXING STRESSES
® AVERAGE OF FOUR TESTS i
!
Figure 2

Results of Tensile Specimen Tests Prepared by
Methods I and II
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MOLD TEMPERATURE BREAKIMG STRESS, KSi
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Ly °c MPa
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m 480 249 ——
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m 640 338 o
m 650 343 o
LI 650 343 b——
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U so0 | 260 e
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Results of Tensile Specimen Tests Prepared by
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|r—-—~ Babbitt

BN .. Interface

--—-——Steel

Figure 4

Microprobe Scan Photograph of the Babbitt-to-Steel Interface
of a Tinned Specimen Showing the Distribution of Copper

(white dots), 500X

. - ——Babbitt

fj"“\-—Interfac

Figure 5
Microprobe Scan Photograph of the Babbitt-to-Steel Interface
of an Untinned Specimen Showing the Concentration of Copper
at the Interface (white dots), 500X
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