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EXAMINATION OF TWO RATLL/AY ROLLER DEARTNG RACES
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4 D. E. Parsons *

SUMHARY OF RRESULTS

Two failed railway bearing races Ffrom the Cuebec
North Shore and Lalrader  Railway Compiany were examined by
the Physical MHetallurgy Division at the reruest of Lhe Fuels
and Lubricants Section, Division of Mechsnical anxn@erlnq,
National Research Council, Ottawa.

Examination showed that the races were manufactured
from steel having Lhe approximate composition ALSI- 3316 by
carburization and hardening to produce a case hardness of
R, 59~64. The case nicrostxucture, hardness and thickness
were considered satisfaclory. A deposit of chromium having
a thickness of 0.0025 in. was observed on the housing side

. of Lthe bearing race. Galling was observed on the polished
working face of one race, hut appeared to he absent from the
groy makle working surface of the other race. Thickness of

X the chromium plating had een reduced in local areas, by
fretting corrosion heltween the housing and outer race surfaces.

Further work is under way in a further attempt to
identify the reason for the etched appearance of the worklnq
surface of one of the Failed- races.

H* .
Senior Scientific Officer, Ferrous Metals Section, Thysical
M@iallulqy Division, ilines Dranch, Department of Mines and
‘echnical Survevs, Oltawa, Canada.
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INTRODUCTION

On January 19th, 1960 two roller bearing races, removed
after railway service with the Quebec North Shore and Labfador
Railway Company, were submitted to the Physical Metallurgy
Division by Mr. F. W. Smith, Fuels and Lubricants Laboratory
File No., M4-R7-S1, Division of Mechanical Engineering, National
Research Council, Ottawa, for metallurgical examination. The races
are illustrated in Figureland are identified as samples A and B.
Sample A contained two “galled” areas on the inside bearing
surface (arrow) but except for these marks appeared clean and
polished. The bearing surface of sample B had a grey, matte
appearance but exhibited less damage due to wear than sample A.
The covering letter requested identification of the matte surface
observed in sample B, identification of the steel and of the

method of processing used in the manufacture of these bearings.

Figure 1. Timken bearing races X 1/5 approx. from the

Quebec North Shore and Labrador Railway Company.



The inside, working-surface of sample A was shiny and
" polished but exhibited two "galled” areas (arrow), The same
surface of sample B had a dull grey, matte or "etched"iappearance

but showed little evidence of wear. . , "

Informat fon supplied indicated that the iwo races were : R
used as a pair in service and had operated for the same mileage

at similar pressure with a common source of lubricant,

*  Examination showed that the outer surfaces bf the races
had been plated with NoN-porous chromium for a denth‘of abdut'
- 0,0025 in., presumably to retard-developnmntﬂof,fréttiné'éorfosibn

between the race and cast iron housing surfaces.

EXAIvIINAT‘ION

-

Chemical and Spectrographic Analysis ' o ' =

Drillings were taken fﬁqm the core.metai.df each:raCe
for wet.chémical analysis-éfter-softening of the.heafing races
by a spheroidizing heat tréatment.. Spectroérabh10~dnélyses~wére
made on the outer race su£fa¢es to confirm the pr;séhcé'of'the

.chrémium'plating (viéible underlthe microscope) on theée'oufei_
su;faces.” | “

The resilts oflthese.analySgs‘are shiown in Table 1.



I

TABLE 1

Chemical and Quantitative Spectrographic Analysis (%)

Element Sample Sample ATST Deposit on Outer Surface
Alcore)  Blcore) 3316 A B
1 S - —
Carbon 0.16 0.17 0.14/0.19
Manganese 0.42 0.44 0.45/0.60
Silicon 0.29 0.34  0.20/0.35
Sulphur 0.012 0.014 0.025 max.
Phosphorous ~ 0.008  0.010 0.0%5 max.
Chromium 1.26 1.35 1.40/1.75 *0.C. *Pp,.C.
Molybdenum 0.10 0,11 _
Nickel 2.80 3.30  3.25/3.75
Vanadium 0.01 0.01
X *ATuminum 0.01 0.02
P.C. - Princival Constituent
* - Quantitative Speétrogranhic Analysis.
The analysis of bearing samples A and B conforms
approximately to the reguirements of AISI-3316.
Hardngss Surveys
® Transverse sections were cut through the bearing rings

< and Knoop hardness surveys were run from the outer, chromium-plated
and carburized surface, through the core to the inner carburized

working surface. The results of these surveys are shown in Fig. 2
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The total depth of carburization, for both rings at the
outeyr surface, beneath the chromium plating, was about 0.1 in.
The surface hardness. of the cvase beneath the chromium was

Rockwell C 59 to 60.

The core -hardness for both rings was of the order of

Rockwell C 45.

The total case depths at the inside surfaces (working
surfaces) of the races was approximately 0.15 in. The hardness
of the working surfaces of bothAraces was of the order of

Rockwell C 64-65.

The hardness gradient at the interface between the case

and the core was gradudl,:prdvidiné no abrupt hardness transition.

~

. METALLOGRAPHIC EXAMINATION

Transverse mibrosﬁécimensnwere taken through the

damagéd and uqdaﬁqqedia;éas;bfksamplés A and B.

Thé,outer sﬁrface ofuﬁéfh'raéééfwas ggnega11§ uudémaged‘
.and'Qaé covered with a pniforﬁ chromium deposit of 0.0025 in.
excgpt for the 0.0004 in, thin spots»ébserved. The anpearance of
the unworn plating having a thickness of 0,0025 in. is illustrated
in Figure 3. An area where thé plat ing thickness has been réduced

to 0,0004 in. is illustrated in Figure 4.



X100 - Etched 2% Nital
Figure 3. Typical Area of Unworn Chromium Plating.
The plating was generally similar to this material

in both samples except for local areas of wear.

X100 - Etched 2% Nital

Figure 4. Area of Worn Chromium Plating.
Local areas similar to this were observed in bgth
samples where the chromium plating had been

reduced to 0.0004 in.




The thin spots (Figure 4) were observed in the chromium
plating on the outside surfaces of both samples, and together with
the “galled” areas on the working surface of sample A were probably

the reason for rejection of the races from service.

Examination of the working face of sample A showed no
damage except in the "galled” areas where laps and torn surface
metal were visible. A transverse section through the galled area

of sample A is illustrated in Figure S.

X250 - Etched 2% Nital

Figure 5. Transverse Section Through “Galled” Area Sample A.
Metal has been torn from this area by local welding

or "galling” of the rubbing surfaces.
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The working face of sample B did not apmear to have
5,sufferéd from galling. Hothing was observed to indicate severe
corrosion of the working face of sample B aé the cause of fhe
"etéhed" appea;énce of this‘samﬁle. Howevér, the fact that the
surface of sample B appearéd to contain shallow (< 0,000l in,)
micropits whereas fhese wérernét observed on theApolished surface

of sample A.may indicate'that during ﬁanhfadthre‘or in service
~sample B has recéived a mild etching treatment. The’absencé of a
coating, visible under thé micfosbope, and the lack of nitride
"ﬁegdles bfféulphﬁi conqehtratiﬁﬁfsupports the;opinioﬁ.that the

ﬁatté surface éﬁ'sample'B rééﬁlté\from éfqﬁiug. !(The féshlts of

" fhe N.R.C. elecfiéh'réfieatioﬁ§éxaﬁina£ion off£he”bea;ihg surfaces
méy assist iﬁ‘conblusive«identifiéatipn of'tﬁe suifacé constituent).
The‘EaSe.mic#éstiﬂcture'of bﬁthvracés Waévsatisfact6r§ but. did
dontain traces of excess cafbia;'in regions adjacent to the
'cdfne:s.A The:dgantify and'disffibﬁtion of this excess carbide

'at CO?nefs had<hbt'affécted thé serviceabiiity of the gearing races.
The éqre microstructure of both sémples conéisted of tempered low-
.carbon maftensite and appe@rediconsistent wi{h_thé dore hardness

. of Rockwell C 45, .
DISCUSSION

The béaring races wafe manufactured from steel having
the approximate compésition, AISI-3316., The steel has been car-
burized to give a_tétal case depth of 0.15 in. on the working face

‘and a case depth of 0.1 in, beneafh the 0.0095 in, chromium plating




on the outer surface. (The end surfaces and working faces were

carburized and hardened but were not plated).

The case hardness of the working face was Rockwell C64-~65,
which is considered excellent for bearing surfaces. The case
hardness of the outer face, beneath the plating,was slightly softer
(Rockwell C 59-60) which is adecuate but may reflect some heating
due to wear, due to grinding of the chromium plating or some

unknown manufacturing variable.

The thick case graded gradually to a core hardness of
Rockwell C 45 which should provide an optimum condition of support
and duetility for severe loads. The core microstructure consisted
of tempered martensite and was satisfactory. The case microstruc-
ture was satisfactory and was free from exgess.carbides axcept
for traces at the edge surfaces. The latter did not contribute

to failure.

Comparison of the working face of the “unetched”
(sample A) and the “etched” (sample B) races showed that, in the

galled areas of sample A, metal had been torn from the working

surface and laps had formed, typical of local-welding or galling

failure, but that no galling was present on the "etched” face

of sample B.

An attempt was made to detexrmine if the grev, matte
finish on the working face was caused by the presence of a voating

or was an etching effect. (The latter might have been done
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deliberately to improve Jlubrication or might have occurred in

gervice).

The matte surface was so shallow that no coating was
visible under the microscoDa at high magnification. Also, this
effect was not removed by solution with dilute sulphuric acid. A
sulphur print showed no concentration 6f sulphides as might be
expected if the surface had been sulfidized. The absence of
nitride needles and the hardness résults seemed o rule out
hitriding as the cause of the Qrey surfaqe. Examination under
the microscope showed-traces‘of surfaCe micro~pits (less than
. 0 0001 in. depth) on the w0rk1ng surface of the “etched” sample
| but similar mlcro~pits were not ohserved on the ‘polished working

face whlch‘had galled.

' The evidence squesta.fhat the gfey appearance is the-
result of some forﬁ of mild etching rather than the result of a
coating procedure. (For example the use of manganese phosphate
‘to rgduce friction). Electron-reflection anaiysea of the etched:
<4and-qnetched surfdces are beihg made and hay provide conclusive
'evidence about Qhether,this appearance is dpe oniy tq change in
surface reflaqtivity as a‘fesult}of etchina ox'whether.theré is
v'in fact an extremely thin, dapbvited coating. However. this'is
a difficult procedure and should, if Dossible, be supplemented by

direct informatlon about  the manufacturlng procedure.




=

- 11 -

RECOMMENDATION

#* (1) Carry out electron~reflection analysis of the grey
matte surface for conclusive identification of the surface con-.
stituent. * (This analysis is underway at N.R.C, but the results

are not available at this time),
SUMMARY

(1) The materials used, the tywe of case, the case and

.core microstructures and hardnesses obtained are believed consistent

with the recuirements of high ouality bearing races.

(2) The cleanness of the steel was good for air-melted

cuality. Small inclusions were randomly distributed and no large

inclusions or clusters of inclusions were ohserved.

(3) The cause of the matte surface on sample B was not
established although some evidence suggests that it may have been
caused by some form of etching. Electron-reflection studies may

assist in identification of this surface.

DEP:ac



