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Introduction

The International Wheelsets Congress convenes every thfee years.
This w#s the fifth congress aﬁd fhe first to be held outside of Europe.
Twenty-eight papers were pfesented at the congre;s with two additional dnes
beihg‘included in the proceedings. | ,- :

There were sixty—threé registered participants froﬁ non-Japanese
countries and one-hundred thirty-one Japanese participant;. The delegates
were primarily from operating railways and suppliefs.

Papers at previous meetings were primarily confined to wheelsets.
However, in recent years the meeting has begun.to take on a mofe general
technical content. Discussions on metallurgy, stress measurement and metal
behavior showed the increasing awareness of the need to consider the wheel
and rail as a system. As might be expected, the theme of this congress in
 Japan was high speed operation and service life.

In order to produce a report of a useful length, this summary has
concentrated on the results presented by‘each author, thereby eiimiﬁatihg
much of the material related to background and technique. Although every
effort has been ﬁade to accurately interpret the various authors' meanings,
it is possible that another reader could understand the material in a
different way. Therefore, for complete knowlédge of the authors' work, the
reader ;hould refer to the original paper. Individual papers have in the
past been available from the Engineering Societies Library, 345 East 47th
Street, New York, New York, 10017. ' Page nﬁmbers for the Engliéh language
version are given in parentﬁesis at the end of each summary. Copies of the
extensive discussions of the papers will be available in August-1976,

according to the secretariat.



Opening Remarks, H. Shima, Japan

The meeting Qas opened By Dr. H. Shima, the President of the
5th International Wheelsets Congress. He is aiso the President of the
National Aérospace Development Agency in Sapan and Presidenf of the Japan
Railway Engineers' Association. In his opening remarks he>gave a histor-
ical review of the Shinkansen or the high-speed line. There are now 268
trains being operated on this line per day;and they carry one-half million
passengers daily. His major péint was that the building of this line and
the success of its operation demonstrates the usefulness of high utili-
zation railway lines in péssenger'service. There are plans to extend the
S_hinkanéen system. |

Several coﬁments were made relafive to noise.in’the high-speed
system. Tﬁe Japanese, in almost all aspects.of their society, are very
conscious of_noise,and the railway is.no_exception. Dr. Shima stated
that the use of elastic material in wheels'as a noise reduction technique
is not 1ookéd upon very favorably in Japaﬁ right now because of their insta-
bility at high speeds. The initial interest was on preventing noise from
entering a car, but npw-they are'éoﬁcerned about noise radiating to the
surroundings. The need for maintaining good track quality absolutely
requires the operation of rolling stock having the least detrimental effect
upon the track. The need for reducing the axle load in achieving the‘high
speeds was noted. ’As is exemplified by the design of the Shinkansen system,
the Japénese do feellthat the individually powered axles are more useful
for their high 'speed system.

Concerning adhesion, Dr. Shiﬁa made the étatement that the ad-
hesion problem, which certainly does increase at greater speeds, is minimized
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by every axle being powered. Dispersion of motive power serves the purpose
of decreasing the effect of slipping due to speed change or wetting of the
rail in rain or snow and makes it possible to obtain higher rates of
acceleration and deceleration.

The Japanese use solid wheels with disk brakes mounted on the
plate of the wheel. They are interested in decreasing the weight of the
wheel itself and, therefore, the unsprung weight of the vehicle. He stated
a very great concern for maintaining a uniform wheel profile in service in
order that the ride quality be maintained. The use of ultrasonics and
other methods of inspection were stressed as a prevention of fatigue

failure.

1. The Prototype Electric Railcar Multiple Train for the Nation-wide

Shinkansen Network and its Bogie, H. Toyota and K. Kasai, Japan

The development of the new prototype car for use in the expansion
of Shinkansen was discussed in this paper. The original system was opened
in October 1964 and was extended from Tokyo to Hakata in March 1975. At
the present time theré are 2,224 electric railcars along this 1,069 kilo-
meter long system. Their current plans are to make a nationwide Shinkansen
system which will require a different railcar design. This is because the
new cars will be operating in differenf climates, with different electrical
power supplies and with different gradients, longer tumnels, and some
shorter spacings between the stations.

Some of the comparative features of the new prototype car are

listed in the report. There is a wider xamnge of tare weights of the carxs.



%*
. For the new cars it is 46-63 metric tons -as compared to 52.5-57.6 metric

tong for the existing cars. Considerable amounfs of light alloy structure
are used in the body of the new cars. In order to decrease the unsprung
weight, holléw axles ére used. They were solid in the previous cars.
Traction motors are larger in these cars and run at a high rpm. The iain
circuit is thyristor controlled for both powering and braking. These
trainé operate both in 50 Hz and 60 Hz regions. To accomodate this, they
have dual eiectr;cal syétems with dual frequency capability. Snow mélters
underneath the car protect the equipment during cold weather. The increased
weiggt of the cars appears to be due to the increased power and the dual
frequency requirement and various other improvements over the previous car.
On the development of the bogies they instituted several tests
at their technical éente; on three kinds of bogies from the existing cars,
the DT 9010, DT 9011 and ‘the DT 9012. All performed satisfactorily, the
only new informétion_found being that there was a greatér wheel load -
fluctuation with the new prototype cars. This ﬁas due to the increase in
unsprung weight for these cars resulting from the greater‘power requiré—
ments, as mentioned previously. The adoptioﬁ of the hollow wheel shaft of
the DT 9012 bogie considerably reduced the fluctuation of tﬁe wheel loads.
In the further development, they‘had two types 6f bogies, one
having a parallel cardan drive system with a hollow driving shaft (DT 9013)
and the other having a right angle gardan drive system with a spring brake
unit (DT 9014). The DT 9013 was found to be superior. |

In order to further reduce the unsprung weight, they decreased

U. S. tons = 1.1 x metric tons



the wheel diameter ﬁrom 1,000 mm on the previously existing cars to 980 mm.
Other specifications, such as induction hardening of the axle in order to
achieve greater fatigue strength, have been continued. These bogies also
“incorporate tread cleaners as do the earlier models.

5 references, 1 table, 10 figures, (v I, pp 1, 0-13)

2. Speeds, Axle Loads and Wheel Diameters for Freight Vehicles, C. O.

Frederick, United Kingdom

Because of the well-known clearance problems on British railways,
there is considerable interest in re&ucing the diameter of the wheels in
order to incredse the load capability. However, it is well-known that this
has two deleterious effects’on track, increasing the axle loaa, and, because
of the smaller diémeter wheels, increasing the Hertzian stresses. Therefore,
British Railways established a working committee compdsed:of representatives
from mechanical and civil engineering departments to determine an actual
optimal wheel diameter, considering maintenance cost per mile for a speci-
fied type of vehicle on a particular kind of track. The physical limits
on the wheel size are clearances withinvthe bogie, axle fit, requirements
for transversing crossovers and things of this nature. The minimum
wheel diameter currently permissible on British Railways is 689 mm.

The effect of impact of the wheel at a diéped joint is discussed
in some detail. Three different types of loads are identified, PO being
the static'axle 1oaa.and P1 being analogous to a hammer blow on the rail
head. The latter principally affects the rail. P2 is a force of 15nger

duration,which is analogous to the force in the spring of a spring mass

system when the spring is in compression. Pé will affect the ballast and
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the formation beneath the ballast. All three will play some part in
determining the rate of which rhe track will deteriorate. The-author
p01nts out that for fatigue con51deratlons in the bolt holes, the shear
stresses at the runnlng on" bolt hole, due to ?1‘and P2, are in opp051te.
directions so that to some extent, the stress range and, hence, the fatigue
crack initiation period are dependent on P1 + PZ. The author poiﬁts out that
this conclusion has.not been verified. It is stated that Pl and P2 type
contact stresses will be most important to shélling while still recognizing
that the P contact stresses will be important since they exist on a more
or less continuous basis. The effect of profiles upon the contact stresses
is also discussed. |

The working group used various expressions for track parameters
such as sriffness of the.ballast, the. track mass and damping, and vehicle
parameters such as weight and wheel diameters, etc., to establish a basis
for their calculations of the potential damage for the track. In some
cases, values of P1 and P. would be within acceptable limits, but a combined

2
value of Pl + P would be outside the limits. They decided that because of

2
the larger potential for bolt hole damage due to the higher level of P1 +
P_, in order to accept this there would have to be a corresponding reduction
in damage due to wheel flats. This could be achieved by decreasing the
allowable length of the wheel flat. Other parameters, such as the aip
angle and the rail head profile, are very important and were used in their
calculations. Concerning track stiffness, changes in track stiffness

obviously would not affect Pl contact stress. PZ’ however, would be very

greatly affected, and, for joints with greater dip, both P1 and P2 wéuld be

decreased.



The working party also estimated the minimum unsprung mass of
wheels and axles that they could assume to be possible under best modern
design. With this criteria they calculated track stresses. It was
decided that tread braking for these small wheels would nct be éractical,
and disk braking was recommended. The final discussion notes that their
results are based on current British Rail practice, and since fhey do not
experience shelling, there is nothing there that they can compare with.
However, they do sight two operations on the European continent which are
above the limits which they predict for shelling and where shelling, in
fact, does occur. In another case where an operation is within the limits
that they established, no shelling is experienced.

In their c}osing discussion, they state that shelling and wear
of the wheel could also be lessened by using harder wheel materials.
Similarly, the shelling and wear properties of the rail could be bettered
by using harder rail steel. Citing data from British Rail, they note that
rails generally are harder than the wheels. It is noted, however, that
it would not be practical to use a rail harder than wheels in actual
operation except on lines seeing only unjt-train type service. -

4 references, 2 tables, 14 figures. (v I, pp 2, 0-23)

3. Adhesion Coefficients between Wheel and Rail at Very High Speeds and

Improvement of Adhesion by Applying Special Composite Sliding Blocks

on Wheel Treads for Shinkansen Vehicles, S. Shirai and T. Ohyama,

Japan.
The introduction of this paper outlines the importance of ‘adhesion,

particularly for operations such as the Shinkansen, which operate at very



high speeds in territory where heévy snow and rain occurs quite often.

In the original design of tﬁe Shinkansen syétem, adﬁesion was considered
to be an important factor,and a forﬁula was developed which gave adhesion
as a function of velﬁcity.r The résults haﬁe‘shown this'formuia to be
reasonably correct. However, a sliding block which makes contact with
the wheels is used to impfove ‘fhe adhesion condition of the wheel rail
system. :An anti-skid system that reestablishes adhesion, if the adhesion
limit is exceeded, is als§ used.

A test car'for measuring wheel slip at various speeds was developed
by Japanese National Railways. This was discussed by the authors. As
a result of their tests on snowy 1ineé; they show that the adhesion co-
effiéient at the point juét before wheel slip occurs was considerably
lower than the vélue expected from their formula. Also they found that
upon glip, the sli&ing speed of tﬁe wheel increased very slowly rather
than dramatically. In this situation the wheel slip lasted about two
kilpmeters or for about 50 seconds. At the time of the writing of their
paper, the Japanese Railways was perforﬁing tests at their Railway Tech-
nical Research Institute to determine adhesion characteristics at speeds
up to 350 km/hr, some of thé results of which are contained in this
paper.

The rénge of adhesion coefficients measured in the tests using
the test cars ranged from .04 to .07 on wet rail and fell to .02 on snowy
rails. At the testing center, adhesion coefficients obtained were between
.03 and .13 under wet conditions. It is shown that the distribution of the
adhesion coefficient with speed does not agree very well with the formula

used for the design of the Shinkansen, the adhesion coefficient measutred



either with the testing cars, testing train or in the laboratory being

generally greater than those predicted by the formula used. Except at
the very high speeds, above 200 km/hr; and particularly at 250 km/hr,
the result appeared to be very good. It was aléo showﬁ that the differ-
ences between adhesion coefficient and the sliding friction coefficient
are very small in case of high speed operation on wet rail. They con-
clude from a plot of adhesion, rumning speed and acceleration force,
that with several:improvements in the circuitry of the system

and in the handling of the train,Aadhesion'cannbe improved to .45

at higher speeds. In this case the maximum train speed may be set at
350 km/hr.

Further tests at tﬁe technical centexr using the rolling machine showed
that the relationship of the traction coefficient with»the slip ratio was
virtually unchanged above a slip ratio of .5 at a rolling speed of approx-
imately 300 km/hr and a maximum contact pressure of 70 kg/mmz.

The adhesion coefficient in the presence of water lubrication was shown
to be markedly influenced by surface roughness. For surfaces cleaned
with sandpaper, the maximum traction coefficient tended to decrease very
little with rolling speed. The decrement was negligible when compared to
coefficient fluctuations caused by changes in atmosphere conditions such
as temperature and humidity. The minimum adhesion-coefficient obtained,
even at speeds up to 300 km/hr for this case, was always 0.18. The
relationship of slip ratid and the traction force in the region of micro-
slip (i.e. creep) is defined by using Carter's theory. The parameters are
the area of the contact surface, the material properties and the friction
coefficient. The nondimensional traction force is plotted versus a

9



nondimensionai expression for the dry condition, i.e., the slip ratio,
at a rolling speed of 300 km/hr.and a contact pressure of 40 kg/mmz.
Their experimental data consistently falls below the results predicted
by Carter’s theory. Tﬁis.discrepancy is s;ill undér investigation by
JNR. ‘

Experimental work was‘also per formed showing the change in the
traction coefficients in the case of spindle oil lubrication. Obviously
the traction coefficients were quite low for the low speeds in this
case, However, they remained fairly constant with an increase in speed.
At speeds above 300 km/hr, the disagreement with the predicted traction
coeffiéient used in the Shinkansen was negligible for a contact pressure
of 80 kg/mmz. For a contact pressure of 55 kg/mmz, the experimental
values were substantially below the design adhesion coefficient for all
speeds.

Regarding the test for improving the fundamental adhesion with
the special composition block, the authors note that the values that
they 6btained may not correspond to results obtained in the field. They
were attempfing to present changes in thé adhesion coefficient caused
by the block. The effect of the cleaning block in the case of wet raii
is to make the metal to metal contact areas as large as possible in
order to prevent the effect of elasto-hydrodynamic 1ubricétion at higher
speeds. Existing composition cleaning blocks operate at a constant force
of 50 kg upon the application of the train brakes. 1In addition to the
obvious cleaning action of the block, during rainfall fine hard particles
from the‘block stick to the tread surface. The function of theée materials
is to somewhat tear the water film and constitute a number oftbridges

10



between the wheel and the rail. The adhesion force is incregsed by the
shear étrength'of the particles.

By taking data showing the ffequency of occurrence qf ;ainfall on
Shinkansen and the simultaneous occurrence of wheel damage or wheel flats
as the‘result of slip, the? found that there was a very definite corre-
lation between rainfall and wheel damage. Using the cleaning blocks should
substantially decrease the number of wheel flats in this situation. This
ﬁas found to be true in actual service. An additiOnallbenefit of the
composition blocks is less wheel noise as a result of the smoother running
surface.

2 references, 20 figures, (v I, pp 3, 0-13)

4. Steel Wheel Noise and Its Reduction, N. Oda, A. Nishio and

S. Nishimura, Japan

In comparing the interior and'exteribr noise of a rail vehicle,
it is initially noted that the exterior noise is n;t necessarily reduced
by a reduction of the interior noise. The wheel rail noise is observed to
be predominant iﬁ high speed operation although the track structure can
significantly affect the peék noise levels. \Other work on wheel rail noise
is discussed. The purpose of this paper is to show the results of tests
on a rolling wheel-testing machine in order to study the rolling contact
noise and the possibility of noise reduction by using a resilient wheel
is discus;ed.

Two kinds_of slip noise can be generated by the use of the wheel-
testiﬁg machine. Slip can be generated by skewing the axis of the wheel-

set in relation to the axis of the rail wheels, and tangential slip
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can be génerated by giviné one of the rail wheels a slight braking torque
and the other a driving.torque so -that tﬁe two rail wheels ére traveﬂing
at different velocities. In the latter case, the axis of the wheels%t
and the axis of the rail wheels are maintained pafallel.

The wheel used on Shinkansen is a straight plate type, 905 mm
in diameter. Disk brakes attach to the platé..

The natural vibration and noise characteristics of the wheel were
obtainéd before performing the tests by shaking it with‘a small electro;
dynamié shaker. Clear resonances wére observed for transverse excitation
at frequeﬁcies of 169 and 263,'386 and 986 and 3,637 Hz. Frequencies of
2023 and 3615 Hz were seen for radial excitation. The lowest, or the 169 Hz
vibration, was produced by the coupled wheel and axle system acting as a
beam with two masses, the masses being the wheels. Higher order modes of
transverse vibration were also produced. These would be somewhat similar
to hoop modes except that they were also vibrating out of the plane of
the wheel. The 263 Hz vibfation was also produced by the coupled wheel-
axle set rather than by vibrations of the wheel itself. Only the 386,

986 and 3637 Hz modes were produced by out-of-plane vibrations of the
wheel itself. Of the radial vibrations at the higher frequencies, the
2023 Hz motion is primarily radial. The 3615 Hz vibration also prOQuces
a vgbration out of the plane of the wheel, which intensifies the noise
radiation in this case.

For the rolling noise test, the wheelset was placed upon the rail
wheels without a skew angle,and the rail wheels were maintained at the same
velocity so that tangential slip was reduced to a minimum. Peaks were

found to occur at 50, 100, 150 and 200 km/hr. The low frequency always

»



predominated at low speed and peaked at around 250 Hz. This sound level
was high and relatively constant throughout the test speed range. This
noisé peak was found to be coincident with the transverse natural vibration,
as discussed previously. Components in the range of 1000 to 3000 Hz in-
creased with speed, and a peak appeared at about 2000 Hz at a speed of

200 km/hr. It was concluded that this 2000 Hz noise component resulted:
from the wheel vibration in thé radial, fundamental mode.

Tests show that changing the tangential slip of the wheelset did
not appreciably affect the noise level at high speeds. When the braking
torque was increased to the point that the creep limit was exceeded, a
torsional vibration of the wheelset was produced and noise was generated.
[1t should be noted here that in the arrangement for transverse slip, the

. S
creep force is pulling outward]. The experiments on transverse slip were

conducted at a speed of 25‘km/hf on the whgel-testing machine. The skew
angle between axes of the wﬁeelset énd the wheei-testing machine was in-
creased with very small increments. At very small skéw angles, only the
250 Hz noise component showed any increase. At a increased skew angle,
the 1000 ﬁz component appeared;and the éound pressure 1evel’increased
coﬁsiderably. This test is cénéistent with the phenomenon of Qheél screech
produced on a curve. |

Tests on resilient wheels were made using only the SAB resilient
wheel. In shaker test this wheel also showed primary vibrations at the
140 and 850 Hz locations. However, the pressure levels were lower in

comparison to the steel wheel. On the rolling noise tests of the resilient

wheel, the results show levels 5-7 db lower than for the steel wheel.

*
Reviewer's Note
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These tests were conducted at speeds of 50, 100, 150 and 200 km/hr, and
peaks were found at 350, 1000, and 2000 Hz. Their levels were low when
compared to the steel wheel,resulting in a lower overall noise level for
the resilient wheel. The damping component in this wheel acts to reduce
the amount of unsprung weight. These testé indicate that this reduction
in unsprung weight and the wheel damping itself are effective in reduciﬁg
wheel noise.

2 references, 2 tables, 14 figures, (v I, pp 4, 0-11)

5. Dynamic Wheel Loads of Rolling Stock at Very High Speeds, H. Toyota,

K. Kasai, S. Tanaka, M. Kobashi, and K. Terada, Japan

This paper diséusses the analytical and experiﬁeﬁtél techniques
used to predict.the dynamic wheel loads of rolling stock for the new
250 km/hr operations on the Shinkansen. It was determined that the dynamic
wheel loads at 250 km/hr should not exceed those currently existing at
200 km/hr.

A single-degree-of-freedom analytical model for the wheel load
fluctuations was developed by the authors,taking into consideration the
stiffnesses and masses of the system. In the model, they considered the
form of the rail ataﬁimpact point to be given by an equation where the
path of the wheel entering a dipped area is a function of the running speed,
a trough gradient:(i.e., profile) and the static force on the wheel rim.

The resulting characteristic equation considered the wheel load fluctuation,
the unsprung mass per wheel, the track equivalent mass, the track equivalent
spring constant, and the upward displacement of the unéprung mass as it

entered the dipped area.
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Initially they consgidered thé,track_spring constant to be linear.
In order to check their model, they used measured and calculated data for
‘an existing car and a 951 type test car. In this case, the existing car
had a lower unsprung weight than the 951 type test car. This fésulfed in
a coefficieﬁt of wheel logd fluctuations (CWLF) ratio of 1.67 for the 951
type car as compared to the existing car. The ratio caiculatea with their
‘model was 1.22 which they considered to be in great disaéreement. Later,
a nonlinear track spring constant was proposed which yielded very good
agreement for a large number of speeds.

They used this model to make projections for wheel load fluctu-
ations for higher speeds. It was shown . that both relatively soft and hard
locations on the track could result in comparatively high wheel load flﬁc-
tuations. The authors point out that this is of great interest becaﬁse of
the increased likelihood of tragk breakage, rail damage and damage to con-
crete sleepers with the higher force. As a result of the authors'work, the
DT 9012 type bogie with a parallel Cardan system was modified slightly so
that its unsprung weight was 1.15 tons. This truck, now called the DT 9013,
showed that the wheel load fluctuations were rather great at speeds in the
neighborhood of 220 km over relatively poor track,but they were very
acceptable at speeds up to 250 km/hr over good track.

4 references, 1 table, 12 figures, (v I, pp 5, 0-10)

6. On the Influence of Resilient Wheels on Adhesion, Dynamic Track-Wheel

Forces and Running Gear Environment at High Speeds, Bo G. Cavell,

Sweden

The effect of resilient wheels on the adhesion, dynamic track



forces and running gear envirénmeﬁt at very high speeds is diécussed in
this paper. An analytical model haéing 5 degrees of freedom was used.

The car body, the bogie frame, the axle, wheel rim and rail, and the track
are included. Experimental data obtained from tests on British Railways

is also presented. The analytical-mode1'i§ shown to correctly predict
force levels resulting from track bed response. These forces, it is noted,
can,in fact cause a worsening of the top rail irregularities which in turn
can give higher impact and résponse forces causing further deterioration
of the ballast. The sleepers afe shown to cause significant cyclic input»
to the wheels. It is shown both theoretically and practically that a
geﬁeral reduction in vertical peak wheelset accelerations of some 45% can
be achieved with the use of resilient wheels.v‘In the case of random input,
it can be theoretically shown that there i; a close correlation between
the vertical wheelset acceleration and the dynamic increment of contact
force of the wheel and rail. This was confirmed on the test of British
Rail at a speed'of’160 km/hr. A power spectral demsity plot, up to 100 Hz,
at the speed of 160 km/hr showed several diétinguiéhaﬁle frequencies. The
first, at 5 Hz, corresponds to the natural frequency bouncing of the bogie
spring mass. Ten (10) Hz correspoﬁds to the rotational frequency of the
wheel. At 20 Hz, a resonant phenomena in the locomotive equipped with
resilient wheels is due mainly to the mass of the wheelset and the traction
motor between the axle box springs and the resilience in the resilient
wheel. A similar resonance occurs in the case of the solid wheel at about
35 Hz. The rms values for the resilient wheel, however, yield an accelération
of 1.7 m/s2 as compared to 2.8 m/s2 for the solid wheel. Further, at

58 Hz the cyclic input of the sleepers is shown. Again, the resilient
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wheel demonstrates a significant reduction in the peak accelerations.
Where the previous discussion showed that improved acceleration

levels acting upon the wheel and axle mounted equipment would result from

.the use of resilient wheels, it is also shpwn that an improved acceleration

envi:onment in the vehicle itself also occurs. In the case of the.Wheel-
sets' mounted equipment, the improved environment of the components would
give better fatigue endurance. The introduction of.resilientjwheels greatly
increases the number of equations of motion and creep required to completely
describe the response of the system. Tests,on British Rail, howevek, have
shown that this increased complexity does not result in any severe problems
of lateral stability owing to the introduction of resilence in the wheels.
Considering the effectsiof the resilient wheels on adhesion, it is éuggested
that the decrease in fluctuation of wheel.forces at the adhesion point,

as a result of the use of resilient wheels, will decrease the probébility
of slip oc;urring because of low tractive forces during impact.

Considering service life, a condition on Swedish State Railways
is.described where wheel failures had occurred in an iron ore train equipped
with conventional steel tyred wheels ﬁhen operated over .frozen ballast.

The use of the resilient wheels reduced the impact forces, redﬁced the
occurrence of wheel slip and resulted in less damage to the wheels

owing to the stiff track. Conventional wheels required retruing on the
average of every 40,000 to 100,000 km, and, in some cases, as often as

every 20,000 km. New tyres were required every 300,000 km,and the loco-
motive overhaul period was fixed at 450,000 km. In the case of the resilient
wheels on this same.locomotive,vthé tyre truing period was extended to

200,000 km,and the locomotive shopping period was increased to 750,000 km.
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This benefit was over and above the benefit achieved by the general lower
noise levels in the locomotive itself.

6 references, 2 tables, 19 figures, (v I, pp 6, 0-12)

7. Factors Influencing the Frictiomal and Wear Behavior of the

’ . %k
Wheel/Rail-System, H. Krause, and J. Scholten, West Germany

There are some characteristics qf railway operations which are
affected primarily by design while there are others affected primarily by
the material properties of the wheel and rail system. Factors which are
considered to be of primary importance in an investigation of frictional
and wear behavior are, for example, the axie load, wheel diameter, wheel
and rail profile, traveling speed, slip, slip speed, the atmospheric humidity
and the mechanical and chemical characteristics of the material. Other
factors such as the wheelset design, the control system,ithe roadbed
spec#fications, the number of the idling axles, temperatures and the manu-
facturing processes for the ﬁaterials are cénsidered to be of secondary
importance in friction and wear behavior.

Tests were performed using a Bugarcic rolling-friction test
- machine to investigate,the effect of each of these primary parameters upon
the frictional and wear behavior of a tail system. In the initial test
series, the wheel steel was M-80,and the rail steel was VA for the coef-
ficient of friction, wear, hardness and roughness tests. VA is a wear

resistant steel of UIC quality A with a strength of 900 N/mm% and M-80 is

* .
This paper appeared in the original Proceedings in German. However,

an English translation is now available. More detail is given in the
review for this paper than for the others because of the original German

text. 18



a common driving wheel steel with a strength of 800 N/mmz. For texture
and internal stress studies, both the wheel and rail steels were Ck 45
(C .44, Mn .66, S .029, v .02, Si .22, P .002, Cr .15)*.

Rolling friction showed an initial increase to a maximuﬁ coef-
ficient of friction (4 = 0.43) after which a uniform énd clightly lower
level (U = 0.35) was reached,which remained throughout the tescs. The
total traveling distance of the test was 35 km. Wear showed a linear
increase with the distance traveled, the wear of the rail being greater
than the wear of the wheel, which was a characteristic of the matericl
pairing. An immediate increase tangential to the vertical axis occurs in
the hardness of both the rail and the wheel material after which the values
asymtotically approach ultimates. The ultimate wheel material hardness4is
lower than that of the rail méterial. Similarly, the roughness also
increases immediately and then assumes an almost level asymtotic approach
to an ultimate value. In this case, however, the wheel material has a
greater index of roughness than does the rail material. The roughness
index is greater for the rougher material. A texture parameter is defined
as a function of the reflection ofg monochromatic beam at the initial
conditionvand at the ultimate. This parameter was seen to increase initially
and reach an ultimate texture at about 17 km, after which the texture
parameter decreased. This indicates a crystal reorientation during the
cold working of the material. The residual stress also increased immediately
and attained a final valuc near to 60 to 90% of the yield point of the

material.

In the full tests which followed, several of the previously

*

Reviewer's comment
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mentioﬁed primary factors were combined into one variable parameter in
or&er to minimize the number of experiments. For example, axle load,
wheel diameter, wheel profile, and rail profile were considered together
to be affecting the surface pressure, which. could be varied by changing
the applied normal force. Therefore, wear of both the wheel material and
braking material was inﬁestigated as a result of increased normal force.
The wear of both materials was seen to increase significantly with increased
normal force. Similarly, the tfaveling speed, slip speed and sliding speed
are related. Therefore, one tést was performed to investigate these
parameters. The wear was seen to increase in both materials with increased
slip. Also, the coefficient of friction increased with increased slip.
Increased speed was shown to cause a slight increase in the wear of the
rail and a very slight increase in the wear of the wheel. Tﬁe result was
é combined total increase of the wear of the entire system. The coefficient
of frictiom, at’atslip of 0.3%, was seen to decrease with increased speed,
and a similar decrease in the coefficient or friction at a slip of 0.7%
was also seen for increased speed. The coefficient of friction at both
speeds was greater in the case of 0.7% slip as compared to 0.3% slip.
The humidity content was shown to affect both the wear and the coefficient
of friction. The wear of both the rail steel and wheel steel decreased
with increasing humidity content, the rail steel wear always being higher
than that of the wheel steel. The coefficient of friction also showed a
tendency to decrease at a fixed percentage of slip with an increase of
humidity content.

In comparing fhese results with those commonly obtained in rail-

way practice, it was noted that the increase in wear with normal force is
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Well-knoﬁn. 4However, tﬁé increase in the céefficient of friction Qith
normal force, as their dafa Showed,.ﬁas not as expected. This'was felt
to be a result of the particular material pairing. Other data indicated
that for several material pairings, a maximum 0écu}fed at a particular
contact pressﬁre after whiéh the coefficiént of friction decreased. The
increase in the coefficient of frictioﬁ with siip and the increase in wear
atghigher speeds wés also expected: Although no comparable values were
found sho&ing the relation;hip of.weér and atmospheric humidity, the change
in coefficient of frictién is in accordance with practical experience.

* In order to investigate the\combined effect of the various wheel
and rail materialé-on wear, tesfs‘wéré conducted‘where either the rail
material or the wheel méferial would be éhanged,With the otheér held constant.
The rail materials used wéré SN rail éteel; with a strehgth of 700 N/mmz;
VA wear resistant réil steéi; and 32, a special steel of a chrome manganese
base havingé,mihimum strength of 1,100 N/mmz. With the same wheel material,
M-80, this test showéd that the ranking,in &eséendiﬁg order ,of rail wear
amounts was VA, SN and B2. It was not expected that the SN steel would
show bettér wear characteristics than the VA steel. Again with the sa@e
wheel material, the ranking of rail steels Causing the'greatest to the’
least amounts of wheel wear was B2, VA and SN. For tests using VA rail
steel and wheel materials BV1l, which has a minimum tensile strength of
6b0 N/mmz; M-80; and VBV, which is a heat treated BV2 steel having a strength
of 900 N/mmz; the wear of the réii‘was greatest for the M-80 wheel steel,
lesser for the VBV wheel steel and least by;a significént amount for the
BVl. 1In this test, whéel wear showed a different order with the VBV material

showiﬁg the greatest wear, followed in order by M-80 and BV1l. It was noted
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that in this case the lower sfrength steels appear to give better wear
characteristics than obéefved in actual practice. This may be because,
in actual practice, these steels fail as a result of the higher stress
levels rather than because of wear failure.

In the study of the effect of the various material properties,
it was found that the higher strength wheel steel, when paired with wear-
resistant rail steel, resulted in more wear for both the wheel and rail
when compared to identical but norrheat-treated steel haﬁing a lower tensile
strength. It was also showed that steels having different chemical com-
position, while at the same time having uniform tensile strength, do not
exhibit the same_resistance to wear under rolling stresses. Also, the use
of higher strength pearlitic rail steel, B2, when paired with uniform
wheel material, reduced the rail wear to less than one-third of that when
paired with materials of equal strength. The wheel wear, on the other
hand, increases. It was again found that the use of a higher strength
wheel steel, with the same rail steel, clearly increases the wear of the
wheel and the rail. But, if rail steel of the same high temsile strength
is used, the rail wear is again reduced. If a steel with a bainitic grain
is placed in the pairing with the pearlitic wheel steel, the result can
be even further improved.

The frictional behavior tests showed insignificant changes in
friction for all steel variations except for those having different chem-
ical composition and uniform tensile strength. In the latter case, the
frictional behavior somewhat improved for wheels having martensitic and
bainitic secondary grain, as compared to pearlitic steels.

With the goal in mind of decreasing the unsprung weight, the
22



use of titanium materials for wheel treads was investigated. Compared to
normal steel pairings of M-80 and VA, the rail wear was reduced by a factor
of 8 to 10 by the use of the titanium wheel material. The wheel wear
remained almost the same. Coefficients of friction at a slip of 0.3%

-were less than those of the steel pairings, while at a slip of 0.7%, the
deviations were minimal. It was not felt that this indicated a disadvan-
tage for titanium. It was further noted that at higher élip rates, i.e.,
above 0.6%, the coefficient of ffiction of the titanium/VA steel pair
exceeds that of the M-80/VA steel pair.

In summary, it was felt that they have shown that the frictional
and wear behavior must be considered to be properties of the system and
not properties of the component materials alone. If onebquantity in a
rolling friction system is changed, fhe effect on the whole system must be
considered. Moreover, it was shown that in a frictional system the strength
propefties of the materials serve more to accommodate load stresses ;han to
attain certain frictional and wear behavior. Wear of the componeﬁts can
be equally divided between each partner or can be concentrated in just one
of the components.

In a private communication with this reviewer, the authors stated
that in ﬁheir texture experiments on rollers of cubic-centered irom
material, the‘crystalographic axis was proved to be parallel to the direction
of rolling /313/. The preferred crystalographic plane /135/ was shown to
be parallel to the rolling plane. They also stated that while they proved
that cold tempering of the metal surface of the rollers did take place due
to frictiom, it wés impossible to make a quantitative statement concerﬁing
the percentage of cold work during this process.
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32 references, 2 tables, 25 figures, (v I, pp 7, 25-48)

8. In-Service Behavior of Railroad Wheels, Metallurgical and Physical

Hypothesis Relating of Various Defects, J. Lecleré, C. Camut,

B. Dupuis and J. Sebbah, France.

Initially described in this paper are the phenomena of stresses,
railway qperations, failures, etc. for wheels, the theory of elasticity,
fracture mech#nics, stress intensity factor, crack initiation and general
fatigue theory. The phenomenon of cracking is considered to occur in three
stages. The first is a stage of very slow propagation, the second a stage
of slow propagation and the third a stage of accelerating propagation
leading to brittle fracture. Discussion on the mechanics of wheel shelling
under load is also included. Some discussion, with theoretical development
included, is also given on the following topics: skidding, the origin of
thermal defects, thermal shocks with and without transformation, the heating
and quenching of’the tread surface during thermal shock; the structural
evolution during braking and deformations caused by phase changes in the
wheel. Some emphasis is given to the formation of martensite and the
martensite temperature as a function of alloying. Several formulas derived
from 6ther auﬁhors are listed.and discussed.

In summary, the authors conclude that increased hardness of wheels
enhances the wear characteristics and increases the resistance to shelling.
Increased thermai conductivit& increases the resistance to thermal shock
without transformations. The quenchability of the material decreases the
resistance to skidding. An increase in the martensitic temperature

increases the resistance to thermal shock with transformation. Increased
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carbon contént increases the resistance to wear and shelling and decreases
_ the resistance to skidding and thermal shock with transformations.v In-
creased manganese content increases the resistance to wear and sheiling
and decreases the resistance to skidding and thermal shock with transfor-
mation. Other alloys, in general, increase the resistances to wear and
shelling and decrease the resistance to ékidding and thermal shock with
and without transformations. it is suggested that quenching and tempering
are beneficial effects in all cases except for.skidding.

16 references, 2 tables, 7 figures, (v I, pp 8, 17-39)

9. The Development of an Austenitic Manganese Steel Wheel, E. Jones,

G. Burbeck and J. B. Lee, United Kingdom.

The authoré-suggest that the development of an austenitic steel
which does not undergo structural transfgrmations upon heating and cooling
might provide superior resistance to thermal cracking and spalling in
wheels. 1In order to investigate this possibility, British Railways manu-
factured a smali number of 14% manganese steel wheels, the material being
similar to that currently used for rail points and crossings. In general
there were several difficultiés associated with the manufacture and macﬁining
of these wheels. Moreover, in a falling weight test it was shown that the
hub of the wheel Qas displaced from the rim considerably more than was
normal. Since the primary emphasis of this paper is om the crack propa-
gation characteristics, it should be pointed out that during brake dynamometer
testing, although humerous.small'transverse cracks were seen to develop on
the tfead of the wheel, they would be subseqdently rubbed out. After 290

dynamometer stops at 97 km/hr, the cracks became numerous, but they still
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remained only two millimeters in length. The wheel showed very poor wear
characteristics although it did not tend to propagate thermal cracks to
any great extent. It was observed fhat’if the wheel was in actual service,
the rolling contact with the rail wéuld,in effect, work-harden the surface,
and this éould iﬁcrease the wear characteristics of the wheel.

Tests were also performed:on“thetiynamometer machine with stops
from 145 km/hr. Considerable heat build-up and red banding on the wheel
occurred during braking:applicatiohs.‘ The hot spots which appeared at
97 km/hr were shown to be much larger than those that appeared at 145 km/hr.
After 100 stops, the largest cracks present were still found to be only
2 mm long. The rate of material wear, however, was considerably greater
in the 145 km/hf tests. In summary, the thermal damage shown by the wheel
after brake testing was“confined to small cracks at the root of the flange,
small cracks toward the front face of the wheel, hot spots from the heating
which resulteduin elonggted spots on the tread of the wheel, and considerable
mate;ial removal by wear.

It was clearly felt that there was some accomplishment in being
able to produce these wheels in view of the difficulty that they had.
Metallurgiggl examinations and mechanical testing have shown that the
steel has properties equivalent Fo British Rail Class B and UIC steels but
with greatly enhanced toughness. Static loading tests indicate that the
wheel behaved in a manner similar to that of the normal carbon steel wheel
of the same shape. Therefore,.it was felt that there was no doubt as to
the safety of these wheels in service from this aspect.

3 tables, 16 figures, (v I, pp 9, 0-21)
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10. Development of A Quenched and Tempered Solid Wheel and Its Evaluation

by Means of Drag and Stop Tests, P. Brozzo, L. Cailegari, L.

fal

Brazzoduro, R. De Martini and . Bianchi, Italy.

The effect and desired effect of fracture toughness,'reéiduaf
stresses, thermal cracking, wear, hardness and wheel design -on the be-
havior of the wheels in service, as discuséed in this paper, is a continuation
of work reported at previous International Wheelsets Congresses. For these
tests, tweﬂty 100 kg heats of induction melted and "poured under vacumn"
steel have been made with two carbon levels, .25 and .35%. Other elements
ranged as follows: S10.4--1.0%, Mn 0.3 - 1.0%, Cr 1.0 - 2.0%, Mo 0.3 - .6%,
Ni 0O -3%, VO~ .18%4, B O - . .003%. The smal} ingots were hot-forged into
bars 60 x 80 mm in cross section,and they were quenched and tempered aiming
at a proof stress of 900 to 1,000 N/mm2 for the vanadium steels and 700 -
800 N/mm2 for the vanadium free steels. They were subjecte& to conventional
tensile tests as well as impact and hardenability tests. In addition, they

were subjected to tests to determine K, and cOD at 20°C and to thermal

D
cracking tests. All of the sampies met the physical specifications, and,
therefore,any decision as to the choice of the material must be based on
the thermal cracking tests.

The thermal cracking of the various samples was investigated
using a test rig similar to that used in the study of steels for cold
rolling work rolls. Also, a formula for calculating the thermal cracking
index C was presented. This is a func;ion of the length and the depthrof
a single crack, the number of observed cracks, the area of'cbntact.between

the sample and the wheel,and the number of observations. A lower value

for the thermal cracking index indicates minimum susceptibility to thermal
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cracking. Prelimiéary_tgsts showe@ a VI-1, fine grained, aluminum refined
steel to exhibit the minimum thermal cracking index. Further, only the
steel composition characterized by low carbon content, i.e., .up to about
2%, higﬁ silicon, about 1%;Achromium not to exceed 1.3%;manganese up to
about 1%; nicklé and boron absent; vanadium up to 0.18%; molybdenum up: to
.5%; exhibited 0 value foi crackiné index. Only vanadium free steels were
considerea foi.fﬁfther work, Aé a réSult of the thermal cracking studies
the following basic chemical composifion was assumed as tb be appropri;te:
carbon .2 to .24%; manganese'.9 to 1.0%, silicon .8 to 1.0%, chromium 1.0
to 1.2% aﬁd molybdenum .3 to .4%.

Four sets of trial wheels were manufactured with chemical com-
_positioﬁ wifhin ﬁﬁis ranée. These wheels wére subjected to both drag
braking and éhe stop'bfaking type testé.' After the drag tests, the wheels
were suﬁjected to residﬁél étress measurements. The results of the tests
showed that for thevnormaiized carbon.steel wheel exhibiting original com-
preséive stresses in thevrim of about 120 N/mmz, these almost vanished in
the test. In the quenched and tempered alloy steel wheel, these original
compressive stresses were.substantially retained,since only a decrease
from 350 N/mm2 to 200-300 N/mm2 was observed. The authors conclude,
therefore, that the higher the proof stress in the wheel, the greater thc
tendency to retain the'initial compressive state of stress in the rim.

Thermal cracking tests conducted under three conditions of stop
tésts, namely;those for standard braking procedure for passenger cars, and
emergéncy stopping procedure for passenger cars, and electric rail car
braking procedureé, yieided somewhat inconclusng results in that the
thermal cracking observed Qas inconsistent.' The authoré attribﬁted this
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to problems caused by the uneven contact of the brake shoe to the wheel
which méy be the result of no smoothing or wearing effect. because of the
absence of a rail. A marked difference in the wear tests was exhibited

by the two grades of steel at the lower speed level. The quenchedvaﬁd

‘tempered steel exhibited a much better behavior. At the upper speedélevel,

however, the two grades behaved almost the same as far as wear is concerned.

In conclusion, the authors feel that their tests confirmed the
good quality of the VI1l wheel as far as thermal cracking resistance is
concerned. On theothe:hand, they emphasize'tﬁat further improvement must
be made in the fracture toughness of the VTl wheel. Their criteria for
fracture toughness is that the wheel material must be capable of tolerating
a flaw of a depth equal to the full rim thickness without 1ea&ing to
brittle, catastrophic failure.

8 references, 8 tables, 7 figures, (v I, pp 10, 0~13)

11. High-Toughness Steel for Railroad Solid Wheels, T. Kigawa, R. Isomura,

Y. Tanaka and K. Tokimasa, Japan

High carbon steel (0.60 to 0.75% carbon, STY SO) with high wear
resistaﬁce and streégth 5as been used in Japan as a wheel matefial,iof :
which1reéistance to wéar, shélling, brittle type rim fracture and so on
has béen‘studied in Japan since 1930. | |

| Recently it is requifed to develop high-toughness wheel matérials
Qith as higﬁ stféngth as‘STY 80. Especially, in service at a cold ciimate,
high fracture toughness is needed to avoid the occurrence of brittle type
rim fracture from thermal cracks on the tread of wheels.

One of the authors studied the residual streés in the rim of
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~ STY 80 solid wheels due to ontread drag braking and their effect on the
brittle type rim fracture. According to the authors and coworker's re-
sults, the brittle type rim fracture in a railroad solid wheél can be
~ explained using”fractﬁre mechanics theory énd, as diScussed by Davies at
the Sheffield Conference, can be intimately related to the félloWing three
factors,

_(a) the size of a cpacdk on the tread, c

(b) the level of a residual tensile stress developed in the rim, OR

(c) the fracture toughness of a wheel material, KIC'

The following relationship is probably established between these factors

Mo J m¢ = K

where ﬂ- is a constant associated with the shape oan crack and the dis-
tribution of the residual stress in the rim,

Thus, it is the most effective procedure for preventing the wheel
fracture to raise the fracture toughness of the wheel material.

The present study is associated with the development of high-
toughness wheel material which has higher fracture toughness than STY 80.
It wag found  that 9.21% V steel exhibits good properties in V-notched
Charpy impact test and ASTM WOL test. And the results of the dynamometer
test and the service test conducted at Sumitomo Metal Industries and
Japanese National Railways revealed that the solid wheels made of 0.21% V
steel have better properties than those of STY 80, in particular resistance
to brittle type rim fracture.
(Authors' abstract)

15 references, 7 tables, 7 figures, (v I, pp 11, 0-10)
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12. Residual Stresses in Straight Webbed Monoblocked Wheels, A. Babb;

B. Sweeney, and G. Bifkbeck, United Kingdom

This paper was a progress report on an investigétion by the
authors of tﬁé combined effect of dynamic streéses in wheels arising from
the surface loading which are supefimposed upon the residual stresses as
manufactured in the new wheel. The primary emphasis is on the latter.

The residual stresses &hich arise from manufacturing are more difficult

to determine than the dynamic stresses arising from service. Most of the
wheels haﬁe been subjected to some form of tempering either after oil-
quenching or rim-spraying with water. A subsidiary investigation was
therefore carried out iﬁ order to determine the effects of tempering uﬁon
the residual stresses. Laboratory experiments were Eonducted.to determine
the stress relief obtained on batrs of tyré steel mechanically stressed to
represent residual stresses and then tempered at different temperatures.
The pattern of residual stresses in a wheel can be looked upon as a result
of internal stresses and surface stresses, all of which must balance against
each other. In one wheel of this fest, chordal grooves of varying depths
were cut in the wheel rim and the residual stresses measured at the bottom
of the grooves By trepanning. A second wheel was turned down in successive
.stages to represent reprofiling and the rim residual stresses measured at
each stage. It is planned to measure stresses in new wheels and then
follow the service of these-whéels by remeasuring each time the wheel is
rveprofiled.

In the inﬁestigation of surface stresses in two rim-spréyed and
tempered wheels, wheéls npmbered 1 and 2, the stresses were measured at
nine positions along eéch of three radial lines spaced at 1207degrees
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around a 836 mm diameter straight webbed Freight Liner type wheel machined,

rim-sprayed and tempered at 610°C. The tread surface was found to be in
2

compression, the values varying from -79 to -52 N/mm~ . Radial stresses
’ R . 1 . P - . ] i\ ¥} 2 L
at all positions on the web were tensile, ranging up to 73 N/mm . The

bi;ydle wheel effect was predominate in all of the tyﬁes of wheels examined
other than those oil-quenched and tempered. The bicycle wheel pattern‘

is such that the tension in the spokes of the wheel produce compression

in the rim. With the rim-sprayed wheels this effect was even accentuated.
Rim;spraying produced residual stresses in the rim‘about equal to the

.2% proof stress. In so-called self-tempered wheels, the reduced temper-
ature gfadient, between the rim and the boss, produces somewhat lower
stresses: Subsequent furnace tempering of the fully rim-sprayéd wheels
reduced the overall stress index by a factpr of five. 1In oil-=-quenched

and ;empered wheels the rapid quenching of the whole wheel caused the
inside versus the outside mechanisms to predominate, so that after tempering,
these wheels tendedAto show compressive residual stresses over all surfaces.
It is pointed out that one of the supposed advantages of rim-sprayed

wheels is that the compressive residual stresses in the tread surface

resist fatigue cracks from shelling or thermal cracks in the tread. It

may also be that the higher compressive residual stresses within the body

of the rim would also resist crack propaéation. These stresses are obtained,
however, at tﬁe‘expense of allowing tensile radial stresses in the web.

In the investigation of tread Braked wheels, straight webbed
qheels with no web offset were used. The stresses from radial mechanical
loads are low compared to the large mechanically induced stresses arising
from lateral or flange loads. Iﬁ addition to fhe mechanical stresses,
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there are stresses arising from thermal loading and, in this case, the
conditions for a full-stop brake and a drag brake are considered. The
thermal stress acts essentially as a change in mean stress. Forvqonditions
as proposed'bybprevious British Rail investigators, the results show drag
braking stresses of +450 N/mmz-radial at the flange side of the hub/web
transition and +400 N/mmzbradial at the equivalenﬁ'outef position. The
respective results for stop braking are +320 N/mm2 and +300 N/mm2 radial.
A fatigue analysis of the wheels showed that with the exceptionsA
of the rim-sprayed but not‘tempéred wheels and the rim-sprayed and
self-tempered wheels, all others would have adequate fatigue life under
full-stop brake conditions. The greatest margin of safety exists in
oil-quenched and tempered wheels closely followed by rim-sprayed and
tempered wheels. Undér drag braking conditions the rim-sprayed and self-
tempered wheels are again inadequate while the normalized wheels are mar-
ginally acceptable. Again the oil-quenched and tempered wheels show the
best performance, closely followed by rim-sprayed and tempered wheels. The
thermal stresses shown at the tread are all in circumferential compression
and, when combined with the residual circumferential compressive stresses,
can result in a cqmpressive yield in some portion of the tread area of the
rim upon cc::oling.;i This will result in tensile circumferential stresses
in the rim which will tend to reduce the radial stresses in the hub /web
area giving an increased margin between the stress range in service and
the limiting stress range for failure of the wheel. It was established
that the critical crack size for failure was largest in the oil-quenched
and tempered wheels and in the wheels rim-sprayed and tempered at 610°¢

(approximately 4 mm under drag braking and 6 mm for stop braking).
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Disk braked wheels were also investigated. The analysis showed,
taking into account the reduction in limiting stress range due to the
inner ring of bolt holes for the disk brake mount, that oil~quenched and
tempered wheels offer the greatest safety margin. As in the tread braking
case, they are clogely followed by the rim-sprayed and tempered wheels.

The effecc of a repeatedly applied rolling load on the wheel tread
will be to produce a residual compressive st;ess in the rdlling zone. In
general, howgver, this stress pattern will occupy a small volume of the
rim material and will be accomodated largely by local redistribution of
stresskin the tread area. Its effect on the hub/web transition stressés
will be small and,therefore,can be neglected in the.fatigue analysis
detailed in this.paper. |

4 references, 2 tables, 14 figures, (v I, pp 12, 0-26)

13. Wheels and Braking, A. Revillon and A. Leluan, France

Explanations for some of the damage caused in wheels are pre-
sented in this papef. Of primary concern are the changes in shape due to
modifications in residual stress at the surface and in the body of the
wheel, localized faults due to metal transformations and brittle fractures
caused by overshooting the impact resistance of the steel.

Initially the paper discusses methods for determining the residual
force both in the body and on the surface of new and used wheels. For
destructive methods, using a rectangular beam for a model, they discuss the
relationship of elastic internal stresses and nonelastic surface stresseé
in demonstrating, by the use of cutting and planing methods, fhe determin-~

ation of the residual stress. The analogy is then made as to how this is
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déde for wheels. They state that the superposition of these two methods,
i.e., cutting and planing, enables the calculation, with good accuracy,
of both surface and near surface stresses with error margin of 5%. In the
body there is an error margin of 20%. X-ray diffraction is used as the
nondestructive method, and again the authbrs g;ve é thebretical discussion
of the use of X-ray diffraction for residual stress measurement.

In this discussion, Gl is the radial stress, 02 the circumfer-
ential stress and Og is the stress parallelito the wheels' axis. The

residual stresses in new monoblock wheals were found to be as follows.

Under the tread 01 is nil; 02 has a maximum compression of 10 hbar on the

surface, gently decreasing to 0 at about 50 mm from the tread. 03 is very
small. Under the lateral faces of the rim and in the rim itself, 01 is

very small; 02 has a maximum compression of 10 hbar, again gently decreasing

to reach an average of -5 hbar at mid-thickness of the rim, and 03

very small. - In the plate, Oi and 02, measured in the thickness sense at

various distances from the axis of the wheel, rarely are greater than 10 hbar

is again

in tension. The sign, of course, varies according to the manner of cooling
and the location along the plate.

An investigation was undertaken to determine the influence of the
tread upon the distribution of residual forces. For this, foﬁr wheels of

the same metal heat from the same type electric rail car equipment were

" examined. They were moderately under load considering both the braking and

the load carried. The average value of the load was 500 daN per wheel of
860 mm diameter when néw. The wheel conditions before testing were as
follows: No. 1, new; No. 2, 853000 km of gervice; No. 3, 200,000 km of ser-

vice; No. 4, also 200,000 km of service and from the same axle as No. 3 but
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profiied just beforé measuring. The results showed that under the tread,
Ol remained esséntiélly nil throughout the service, 02 ?emained com-
pressive at the surface with a maximum value considerably higher than

for neﬁ wheels (-30 hbar instead of -10 hbar). Beneath the surface and
toﬁard the center 0f>the rim, 02 remaiﬁed small and in tension but appeared
to move toward the center of the wheel. 03 was highly compressive near

the tread surface, beiﬁg on the order of -30 to -40 hbar. Beneath the
surface, the wheel covering 85;000 km showed appréximately 20 hbér tension.
With iﬁcreased service to 200,000 km, the teﬁsion below the surface de-
creased to less than 10. Further, by reprofiling the other 200,000 km
wheel the level of ténsion Waé reduced slightly more. There was essentially
no tensile stress at the éenter of the fim'of the reprofiled 200,000 km
wheel.' Thé'gra&ient of thesé under -tread forces on wheels 2, 3 and & is
greater than that for the new wheel. In thé rest of the rim and in the
plate, the stresses remain essentiglly the same, within measurement errotr.
The only effect of the Hertzian forces was the creation of a crescent
shaped sectioﬁ under the tread of approximately 60 to 70 mm of length and
20 to 30 mm in thickness.

In order to investigaté the influence of intense braking on the
distribution of residual stresses in whegls; these stresses were measured
in two straight, thick piate wheels, one new and the other having undergone
a series of brake tests on a tesfbed without any rail loading. The test
wheel was given 342 stop brakings from speeds of 100, 120 and 200 km/hr.
Only slight buckling of the wheel occurred, even with_véry intense brake

forces. In the rim, however, the tensile stresses reached +40 hbar on the

surface, changing from -10 hbar as found in the new wheel. In the plate,
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the tensile forces 01 and Gé became compressive.

An investigation of the residual forces in ﬁheels taken out of
service after receiving excessivelf intense brakings showed that in the
body of the wheel, except for the zone affected by the tread, the stress
distribution is similar to that of a wheel braked Qery intensely on the
test bed. The absolute value of the maximum stresses is lower, however.

The authors postulate that this may‘be caused by in-service bfakings ﬁossibiy
being slightly less intense than those seen on the bench,Becaﬁse of the
superimpésed compressive force induced by the tread in the zone affected by
this tread. In recapitulating these tests results, the authors state that

the condition of the residual stress in.wheels in service is a function of

the initial distribution of stresses in new wheels,'the tread, which increases
the compression in the part of the tyre affected by a tread, and also the
braking. The chemical composition for these wheels was according to C48 TS,

C .51%, Mn 0.72%, S..032% and P .015%.

The authors were interested in explaining the origin and the de-
velopment of heat cracking. The origin abpears to be wholly metallurgical
in nature, and the development seems to be tied to mechanical and heat stress
and tread wear. In the case of wheéls removed from service, an examination
of heat cracked treads did not permit any explanation of the phenomena. This
was, they felt, because of the work hardening of the tread, the Wear caused
by adhesion and braking, and deterioration cauSed.by atmospheric corrosion.
Laboratory machines, therefore, were used for crack brigin studies.x Cracks

no deeper than 0.02 mm were caused as a result of braking. These appeared

_at the spots heated by the brake shoes. The origin, the authors feel, is

explained by the appearance of martensite. On the matter of the development
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of flaws after their origin, the authors note that in wheels showing wear

on the tread, it was often found the shallow flaws would disappear before
growing. |

An explanation of.evolution of the flaws in the tread of the hheel is

given. Two main flaw location categories are listed. Céteédry a is when
faults begin to appear in the zoﬁe affgcted by the tread (the middle of the
tread). Two principle layers are distinguishable at this loéation. ALayer

1 is a superficial layer 3 to 4 wmm thick in which, as a result of the cooling
pattern, the residual stresses alternate between tensile and cpmpreséion
during braking. This alternation of stresses from tension to‘compression
allows the development of fatigue cracks whiqh will not be eli@inated in
service. A second layer, 15 mm thick, is such that the residual forces for
éurfacé treated’wheels are in comprgssion when new and are increased by

tread cdmpression. The authors feel that since only in thercase of excep-
tional braking do the momentary tensile forces occur, and since the Hertzian
stresses are practically negligible, the probability of radial development
of a flaw is very low. The differences between the superficial layer and

the 15 mm thick layer explain the development of heat cracks in the middle
of the tread. Morelspecifically, a flaw beginning in the superficial zone
will progress till §eaching the boundary of the superficial zomne and the
thicker layer underneath. Conversely, the Hertzian forces, developed at

each wheel revolution, cause flaw evolution parallel to the tread by fatigue.
This forms a flaking. The authors also note that flaws caused by inclusions,
. gituated at the interface of the two zones, are also developed. Category

b faults are those which occur outside of zoné a. These originate mostly

from shock or abnormal brake shoe placement, and are a potential source of
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fatigue only when the wheel has been heavily braked.

1 table, 25 figures, (v I, pp 13, 24-44)

14 Track Gage Stability Investigation on Wheelsets with Blocked

Braked Solid Wheels, E. Raquet and G. Tacke, West Germany

It ﬁas initially noted that the axial deformation of block braked
solid wheels depends essentially on the shape pf the ﬁﬁeel disk. The
present paper was aiméd at an investigation of this correlation and clari-
fication of the mechanisms attending to the temperature rise of the wheels
due to braking and leading to deformation. A computational approach-was
used for both temperature calculations and stress énd strain analysis.
Further; tests on a test bed were conducted in order to verify the calcu-

lations.

Three wheel types were used. The first solid wheel had an S-
shaped cambered disk. The second solid wheel had an undulated disk but
no camber. The third solid wheel had a straight disk and no camber. The
chemical composition of the wheels was according to specifications BVZ,
namely C 0.53 to 0.58%, Si 0.3 to 0.5%, Mn 0.55 to 0.7%, P max 0.045%,

S max 0.045% and Cr 0.15%. For computation of the thermal stresses and
strains of the wheels, it was first necessary to determine the temperature
distribution. This was obtained using a "TESI" computer program with /
suitable data from train operations. A comparison of the temperatures
predicted in the calculations with those obtained during braking tests on
the test bed showeq good agreement. Next, it was necessary to use the
Y"ANTRAS" computer program to calculate the stresses. It was noted that
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the stress calculations are based on completely elastic behavior of the
material, and the stresses calculated thus apply only within the range of
Hooke's law. Wheel number 1 showed, by far, the greatest axial deformation,
i.e., the narréwing of the gage and, according to the deformation, high
bending stresées at the transition from the hub to fhe wheél disk and in
the outer portion of the disk. The second wheel showed, from the compu-
tational analysis, only a very small amount of axial deformation,while in
the wheel disk, high and pronounced stress maxima occurred owing to the
undulation. The third wheel also showed a small amount of axial defor-
matién, and its wheel disk exhibited a well balanced stress pattern. The
circumferential stresses inrthe wheel tread were of about the same magni-
tude in all three cases and exceeded the yield point of the material

considerably.

Apart from the axial deformation of the wheel disk, the expansion
of the hub upon héating of the rim due to braking is an important criteria
for assessing the usability of a wheel. Owing to considerable axial de-
flection in the direction of gage narrowing, the first wheel shows appreci-
able expansion of the hub on the tread side, through which the shrink fit
with an ovérsize of 1.30/00 1is weaker by about 30%. This also promotes
the tendenéy of the hub and shaft contact surfaces to rust. The results of
braking tests confirmed the computational stress analysis. |

In'conclusion, the authors state that during a temperature rise
of the rim due to braking, cumulative thermal stresses in compression are
superimposed on the compressive residual stresses. This»causeé the yield
point of the material to be exceeded at elevated temperature. The theo-

retical and experimental investigations showed that the residual stresses
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of the wheels in new condition and after ekposuré to braking must be known
if the mechanism attending the axial deformation of the wheels is to be

clarified.

8 references, 1 table, 10 figures, (v I, pp 14, 10-18)

15 Solid WheelstRequirementsrand Compromises, S. Wiedemann,

East Germany

The world wide introduction of solid whée1s caused much optimisu
concerning the elimination of all sources of faults iﬁherent to the wheel.
However, because of the action of the brake shoe bn a solid wheel, other
operational related.failures have occurred. These are primarily the for-
mation of cracks on the wheel tread and the plastic deformation of the
wheel. By specifying a carbon content of less than 0.55%, it has been
felt that the risk of thermal cracking has been diminished. The plastic
deformation of solid wheels has been regarded as a wheel design problem.
These approaches have had partial success in eliminating wheel failureés.
The author proposes to address in depth, however, the two causes of wheel

failure as they might affect future wheel design.

! For consideration, the author chose a quenched and tempered steel
having chemical composition C .50%, Mn .78%, Si .35%, P less tﬁan .05% and
S less than .055%. Data is also furnished showing the effect of temperature
on the strength characteristics of steel, the modulus of elasticity and the
coefficient of linear thermal expansion.
Considering the solid wheel modeled as a thick walled hollow

cylinder, the tangential stresses are calculated and compared to the apparent
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yielding point as a function of the temperature difference. For temperatures
greater than AOOOC, 1ineay compressions in the whegl rim must be expected.
Also, it is shown through computations that for temperatﬁres greater than
SOOOC, a working ﬁaterial defect beneath the wheel tread resulting from
Hertzian stresses may be expected. This Qillvbe noticed as pittings. It

is postulated that, in spite of the simplicity of these two examples, the
order of magnitude bf surfacé temperéfure wﬁich should not be exceeded in
order to assure the fatigue strength of solid-wheels is demonstrated.
Considering deformations, the author nqtes that using the conventional
heating and wheel deformation théory, plastic déformaﬁiéns are tb be expected
for wheel rim temperatﬁres at the runnihg tread exceeding 5000C.

Disk plates without a camber aré more favorable with regard to
lateral displacements than those having a cémber. In the case of a sfeep
disk plate, however, the press fit between the hub an& wheelset shaft is
impairedwhen the running tread is heated. The heating of the running tread
causes a temporary enlargement of the hub boring. The wear and corrosion
behavior as a result of various hardnesses in the wheel and the rail, are
discussed. The similarity between the wheel/rail-system énd a roller bearing
is noted.

In summary, the author states that the next development stage for
wheels shoul& céncentr#te on theAconditions of the wheel heated.by the
brake shoe; Braking devices énd oscillation conditions between the wheel
.énd the raii should be included in a complex manner. Furthermore, the full
rénge of possibilities'in the field éf materials engineering has obviously
not been exhausted. The risks which are inherentiy involved in solid |

wheels and shoe brakes can only be eliminated‘by the application of disk
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brakes.

16 references, 2 tables, 19 photographs, (v I, pp 15, 9-28)

16. The Effects of Wheel Design and Service Environment on The State of

Stress in 28 in. (0.712 meter) Diameter Freight Car Wheelé, G. Novak,

L. Greenfield and D. Stone, USA

The introduction of low level flat cars in the Unite& Statés and
the requirement in certain areas for‘greater overhead clearénces reqﬁired
the introduction of a 28 in. diameter freight car wheel.- Service experience
with the B-28 wheel has shown a susceptiﬁility to plate cracking which is
not related to the magnitude of the Hertzian stresses. As a result, a
modified B-28 Wheel has been introduced. This is thé D-28 Qheel having a
thicker plate and larger hub and rim fillet radii. The CB-28 wheel has not
experienced plate failures. The purpose of this paper Was to present the
results of computer analysis of stress levels experienced in the three
28 in. wheel designs.

For input data, the authors assumed a vertical rail load of
204,608 N, a lateral flange load of 88,964 N, a thermal load equivalent
to that imposed by a emergency stop from 112.6 km/hr and a tractive load
induced by the wheel rail and wheel brake shoe interfaces, each being
3,202 N. Further data inciuded a compressive load of 27,578 N, caused by
the normal force of the brake shoe against the wheel tread and an inertial
force produced by the rotation of the wheel mass. Octahedral shear stresses
were calculated using methods previously developed by the authors. It was

. |5
concluded that a combination of all of the six loads previously outlined

43



was required to produce the most critical stress state.

The maximum octahedral sheér stresses produced in the B-28
‘wheel By this load application is 16,000 psi (114.45'MPa) and occurs gfter
approximately 45 degrees of wheel rotation. A maximum octahedral stress
intensity of about 13,500 psi (93.08 MPa)} near the back rim fillet, also
~occurs after 45° of wheel rotation. The peak stresses in the CB-28 wheel '
near the front hub fillet is 2,400 psi (16.54 MPa) in the wheel rail plaﬁe
and increases to a maximUm‘étrqss of 5,600 péi (38.61 MPa) at 180°. Thé
maximum octahedral stress near the back rim fillet is approximately 8,000
psi (55.16 MPa) in the wheel rail load plane. This st;ess,however,is
diminished during 1860 of rotation to a minimum of 3,000 psi (20.68 MPa).

Aﬁalysis of the D-28 design showed some'improvement in the level
of stress wheﬁ compéréd to the B-28 design. :The maximum stress df 15,200
psi (105.49 MPa)‘near the front hub fillet occurs after approximately 300
of wheél fotation. A maxiﬁum octahedral shear stress of 5,106 psi (35.16
MPa), neér the baék rim fillet, occurs after 45° of wheel rotation.

The cyclical stress patterns developed in all of the designs were
investigated under the load combination described in the introduction.
The sfresses near the front hub fillet for the B-28 éesign were found fo
be a maximum of 16,600 psi (114.45 MPa) and a minimum of 13,500 psi
(93.08 MPa). Furtﬁer, the stresses in the corresponding location in the
CB-28 deéign did not exceed 5,600 psi (38.6.MPa). The stress levels in the
fim plate region.showéd the same effect only at a slightly reduced level.
The B-28 design had a maximum stress of 13,300 psi (91.7 MPa) witﬁ.a minimum
streés of 5,900 psi (40.68'MPa); The CB-28 wheel alsé showed_a cyclical
variation in the stresé intensity during rotation but again at a much lower
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1eve1,>8,400 péi (57.9 MPa) maximum, and 2700 psi (18.62 MPa) minimum.
The peak stress in the D-28 design near the front hub fillet was 14,300
psi (102.04 ﬁPg) and increased to a méximum of 15,300 psi (105.49 MPa)
éfter appréxiﬁately 30° of wheel rotation. The maximum octahedral shear
stress near the back rim fillet was 5,100 psi (35.16 Mfa) oécﬁrring at
approximately 45° of wheel fotation.

It can be concluded that the magnitude of the plate stresses near
the hub produced by the addition of on-tread braking are considerably
greater in the B-28 and D-28 wheels than in the CB-28 wheél, However, the
plate stresses near the rim are considerably lower in the D-28 and CB-28
. than in the B-28 wheel.

4 references, 13 figures, (v I, pp 16, 0-13)

17. Evaluation of Various Designs of Wheels in Heavy Load, High-Speed

and Severe Braking Service, G. Novak, and B. Eck, USA

A method of analyzing wheel contours, under any combination of
thermal and mechanical loads that exist in a service environment, has been
presented. Two 36-inch wheel designs have been investigated under several
service load combinations with the following results.

The application of a vertical rail load geﬁetatgd a maximum
octahedral shear stress in the rim section of a wheel approximately 45° ffom
the wheel-rail load plane. This stress increased significantly when the
vertical load was shifted from the tape line position to a position 3/4
of an inch from £he rim face. An increase in the rim thickness produced a‘
corresponding reduction of the stress level generated in the rim region by
this loading condition. By introducing the effects of wheel velocity in
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conjunction with the rolling loads, the maximum octahedral plate stress
level was reduced approximately 15%.

When emergency braking conditions were combined with the rolling
1oadé;the rim stresses were increased significantly, but the plate stresses
developed in the wheel were of approximately the same_magﬁitudé as those
produced by only rolling loads. However, the magnitude-df these plate
stresses was increased considerably when thermal loads generated by a
15 minute drag braking cycle were coupled with the rolling and tractive
loads. Although stresses geﬁeratéd under these service load combinations
produce maximum plate:stresses, the magnitude of the stresses in the rim
should not be disregarded. The temperatures in thé rim can be of sufficient
magnitude to produce a reduction in the mechanical properties of the wheel
material in this region.

The complementary relationship betwgen thermally and mechanically
induced octahedral shear stresses is seen as an essential element in a
cumulative damage or.fracture theory capable of predicting wheel failure
~and thereby establishing a ratioﬂal basis for determining wheel condeﬁning
limits.

[Author's Abstract]

13 references, 17 figures; (v I, pp 17, 0-15)

18. Strength Design of Car-Axle Based on Service Load and Fatigue Strength,

S. Tanaka, K. Hatsuno and H. Nakamura, Japan

The authors demonstrate the use of fatigue theory in developing
the endurance life for axles on Japanese National Railways. Using measured

data taken from operations on several JNR lines, the authors show magnitudes
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and frequencies of occurrence for stress levels ingaxles. Laboratory

tesfs were performed on both‘full sized Wheelsets and small 25 and 50 mm
samples. The authors demonstrated the earlier occurrence of crack initiation
in their samples, using programmed fatigue gycles._ A

16 references, 2 tables, 21 figures, (v II, pp 18, 0-12)

19. Influence of Sub-Critical Heat Treatment on Ultxasonic Attenuation

and Fatigue Limit of Railway Axles, R. De Martini, L. Brazzoduro

.and G. Stevanin, Italy

The écousticalAtransparencies of axles are becoming very
important for two ‘reasons. First, the manufacturing unifbrmity can be
determined by measuring the acoustical transparency of the axle,and secondly,
the detection of fatigue ctacks in service is made easier with axles showing
a good acoustical transparency. The authors have studied the effect of a
subcritical thermal treatment which should'improvexfhe axles ultrasonic
testability. At the same time they were interested in being sure that no
adverse influence on the mechanical and metallurgical characteristics of
the steel was caused. The chemical composition of the material tested was
C 0.2 to 0;25%, Mn 0.75 to 0.95%, Si 0.2 fo-O.B%, S 1éss than 0.035%,
P less than 0.035%, and Al 0.02 to 0.04%. The mechanical properties were

as follows: UTS 50 - 60 kg/mmz, YP greater than .5 X UIS, E. greater

5
than 22%, KCU greater than S'kg/cmz. All axles were normalized to 870-
890 C in order to obtain a ferritic-pearlitic structure with a secondary
grain size of 5-6 ASTM. After normalization, the axles were tempered at a

temperature of about 600°C. The axle specimens subjected to suberitical

treatment were cooled in water after tempering where those without subcritical
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treatment were air cooled.

The ultrasonic investigation was made with conventional equip-
ment having an excitation frequency of 2.25 MHz. The measure of attenuation
was made by -obtaining an initial instrumentation calibration. - Attenuation
in axles to be inspected waS'then determined by counting the number of back
echoés appearing on the écreen.- They chose this method rather than an
expression in dB because they felt this was simpler.

The results of this test showed that the material subjected to
SCT showed a considerably lower attenuétion for Iongitﬁdinal wave proﬁagation
in comparison to the untreated material. Further, the SCT had the effect
of preventing, or at least seriously hinderiﬁg, transverse wave propagation.
The tests performed at higher frequencies, namely 5, 10 and 15 MHz, showed
thg same effect for SCT but with decreasing magnitude so that at 15 MHz the
effect completely disappeared. The authors postulated that since a mgtallo-
graphic examination showed that the subcritical treatment led to no structural
change, a change in the sub-micro constituents must explain the polarization
or selectivity for the longitudinal and transverse waves. Magnetic perme-
ability tests, conducﬁed on the samples in order to attempt to confirm the
hypothesis just given, directed the authors toward an investigation of
the residual stress in the material.

An investigétion of the residual stresses on both the axles and
‘the cylindricai test pieces indicated that the material subjected to SCT
showed residual compressive stresses on its surface both in the longitudinal
and tangential direction. These values were near to the yield point of the
material and the values of the tangential stresses were systematically near

to 20% higher than the longitudinal stresses. All untreated test pieces
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showed.practicaliy no residual stresses. Since the outer layer was in
compression, therefore,the inner core must be in residual temsion. An
glectron microscope examination of the samples showed that for tﬁose with
subcritical treatment SCT, diélocation density was of an order of magnitude’
greater than those without spbcritical treatmenf. Tests on the mechanical
properties of the pieces cut from axle; with and without SCT We;e“also
carried out. Thesé showedchat with SCT the yield point wés lower than
withoﬁt SCT. However, the ultimate tensile strength‘UTS was greater for
the subcritically treated sample. The re§u1t is a different stress and
strain curve for the two samples and a possible influence on the maferial
toughness of the strain hardening due to the sqbcriticai heat treatment.
Impact tests run from -800C_to +200C‘showed esseﬁtially no difference for
thé two types of material. Fatigue tests showed a defiﬁite increase in
the fatigue limit of the pieces subjectgd to subcritical treatment. The
reason for this, the authors postulated,»was the increase in dislocation
density in the ferrite because of the plastic deformations éaused by the
subcritical treatment and the presence in fhe outer zone of the axle of
residual compressive stresses. By comparing two types of fatigue tests,
the authors state that the effect of the residual stresses on the fatigue
limit is about twice that of the structural component due only to the higher
dislocation density. It was.also shgwn that the subcritical treatment had
a similar effect upon axles having a higher carbon content.

13 tables, 13 figures, (v IIL, pp 19, 0-12)

20. Evaluation on the Means for the Improvement in Fatigue Strength of

Press-Fitted'Axles, K. Nishioka, K. Hirakawa, H. Komatsu, and

S. Sugawara, Japan
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It is'wéll known that a‘press;fitted member reduces the fatigue
strength of an axle from 1/2 to 1/3 of the potential strength available
without fitted members. Several methods commonly used to improve the
fatigue strength of préss - fitted assemblies are listed. ’The‘objective
of the paper was to offer a préferable axle design method by éummarizing
) and evaluating the available means of imbroving fatigué resistance ofsaxles.
The fatigue limit based on érack initiétion as well as that based on:éom-
plete failure is discussed. |

The effecf of the axle design upon.the fatigué strength can be
summarized as follows: 1) the raised wheel seat axle design could in-

crease both of the fatigue strengths, 0 . and sz, about twice and 1.5

wl
times, respectiveiy, in comparison with the straight axle design;* 2) the
relief groove design has the same effect as the faiséd wheel seat design,
although.larger values for the diameter ratio (D/d)** and for the radius
of curvature should be taken as an optimum groove shape in this case; 3)
change in press-fit shape sometimes has a certain preferable.influence on
the fatigue strength,»although'thisis somewhat limited; 4) in fatigue of
grooved axle design, the size effect is nearly the same as that iﬁ straighf
axle assembly and '5) in the case of torsional fatigue; the raised wheel.

seat désign has little advantage.

The effect of the residual stress of the axle is inevitably

O PV

* O ~ fatigue limit based on crack iﬁitiation
Oﬁé - fatigue limit fof cgmplete failure

= D - axle diameter
d --diameter'at the groove
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‘combined with the effect of surface hardness,‘since the treatment to
introduce the residual stresses also hardens the surface. The following
are known from these results: 1) the fatigﬁe strength 0&2 could be raised
by two or three times by compressive reéidual stresses, regardless of the
'methods used to introduce the residual stresses;. 2) when the sutfécé
hardness is relatively high, such as is the case in induction ﬁardening or:
“tufftriding, the fatigﬁe strength based on @icro-crack initiation, Oﬁl’
has a tendency to increase very slightly with the increase in compressive
residual stresses; - 3) the fatigue strength of Oﬁl could not be raised by
the compressive residual stresses when the surface'ié not hardened by
t;chniques such as subqritical'quenching and cold rolling; 45 the fatigue
strength Oﬁlmag takes a value near to O whe% the surface is higﬁly hard-~ -
ened.* This means that a micro-crack of neariy 0.01 mm in depth does not

easily propagate to the magna-cracks depth of 0.10 mm when the axle sufface
: ]

]

is highly hardened.

17 references, 1 table, 16 figures, (v 11, pp 20, 0-11)

21. Research jnto the Best Usage of S.N.C.F. Axles, A. Revillon and

A. Lelaun, France

The authors observe that since many changes have occurred in the
design and in the operation of railway systems since the current design

method for axles on SNCF was begun in 1940, there is reason to review the
design process. The objectives of this research work are to check that

*
oﬁlmag - determined by minimum crack detectable by wet magnetic particle

method (= 0.1 mm deep).
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the design method remains valid under thé modern working. conditions of
the ‘rolling stock, and to examine the extent to which it is feasibie to
reduce the non-suspended mass of the axle. Investigations were carried out
in order to determine a moré precise approach to defining the conditionms
necessary in fixing components to wheelsets, to inQestigate the poséibilities
offered by some special steels, to improve the fatigue resistance b? sur face
treatment and to study the effects of different anti-corrosion protections.
For the test program, about 100 test pieces were made. These
were installed on rotary traction compression machines and rotary bending
machines. The test pieces used were smooth tapeied aeronautical type test
éhapes and several bar shapes with various combinations of diameters,
grooves, press fits, etc. The testing was con&uéted over a period which
the authors felt would correspond to the life span of wheelsets. The tests
yie%?ed a value for fatigue strength for EDR steel. A reduction of about
50%’in the fatigue limit resulted from a wheel fixed onto a smooth axle.
Also, for wheels fixed onto an axle with a wheel seat of greater diameter
than the axle, the fatigue limit can be optimized greater than that for a
smooth bar, depending on an optimization of the diameters. When the wheel
and an adjoining collar are both pressed onto the same axle, the authors
conclude that the diameters of the two seats should be at least 1.12 times
that of the body. Also, a shallow groove of approximately 5% of the seat
diameter should separate the two seats, and the ratio of the two diameters
should be on the order of 1.12 for optimization. For a wheel and collar
fitted onto the same axle with the seats close together but not touching,
the ratio between the diameters of each seat and the body should be at

least equal to 1.12. Further, the length of the wheel boss should be
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slightly longer (2 to 3 mm) thaﬁ the length of the wheel seat, allowing
a protrusion at each end. The connection radius should be chosen in |
order to avoid large increases in force, and machining should be carefully
done. 1In thié design, if cracks do occur,they will occur in an>atea away
from the joint and thus be ﬁore easily detected. |

The authors investigated the possibilities offeréd by using
two special steels, namely 25 CD4 and 30 NC1ll. These are steels having
tengile and yleld stress values higher than for EDR steels. An increase
in the fatigue 11m1t over EDR steel was shown,but they also experlenced
an increase in the susceptibility to notch cracking when compared to EDR
steel. Other tests being performed,but not yet reported ,are on the effect
of surface treatment and an investigation of'the effect of anticorrosion
protection. | | . .

7 tables, 9 figures, (v II, pp 21, 16-29)

22. The Application of Journal Roller Bearings with Cylindrical Roller

Bearings or Tapered Roller Bearings on Short Axle Journals for the

Use under Highest Speeds, W. Voelkening and H. Heuberger, West

Germany

In the UIC, a standard short axle journal for freight car wheel -
sets has an axle load of up to 22 tons% The axle journals have a diameter
of 130 mm and a total length of 191 mm. The axles for travelingkrailbound
vehicles can be used for a load up to 25 tons. The problem of fitting the

short roller bearings to the longer AAR journal has arisen,and the authors

Metric Tons, U. S. Tons = 1.1 x Metric Tons

53



have investigated the effect upon the bending stress in the axle journals
of the shértening of the longer AAR journals. The results show that for
the same bending stress in the long axle journals, a 25% higher load can
“be allowed. The need for very good quality seals and high precision in
the fitting of the journals for high spééd service is noted. Tests com~
paring an elastic journal roller-bearing with one fixed rigid to the bogie
show that forces approximately 1/3 smaller occur in the case of the elastic
journal roller bearing. Additionally, tests run afvspeeds up to 200 km/hr
have shown reductions in peak forces across the bearings by about 15% for
the elastic bearing. When passing rail irregularities, these forces were
reduced by 40%. These axial-elastic journal roller bearings have seen
much service‘in‘several countries.

6 references, 10 figures, (v IL, pp 22, 11-20)

23. Dynamic Behavior of High-Speed Rolling-Stock Rolling Bearings,

K. Rakuta, T. Sawamoto and T. Igarashi, Japan

The high reliability of rolling bearings is of paramount impor-~
tance for the safe and reliable operation df rapid transit trains. The
bearing reliability should be underlined by an accurate and fully detailed
grasp of the trué behavior of rolling bearings and their environment.with
first-hand observations and actual measurements. Based on the data showing
axle box vibration and the dynamic behavior of bearing elements, collected
from measurements of wheel-axle rolling bearings on high—speed transit
trains running at high speeds, this paper is intended to clear and improve
the design criterions of rolling bearings for use on high-speed_transit

train wheel-axles. Cylindrical roller bearings and ball bearings of
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the types comménly used in Japan will Be discussed.

The combination of a double row of éylindrical roiler bearings
and a row of ball bearings is the type commonly used on the New Tokai&o
Li;e. Double row cylindrical roller bearings with flénges are commonly
used on'high-speed'containér wagons of Japan National Railways. For these
investigations the acceleration was measured in a frequency range up to
20 KHz in order to meet the specifications of MIL and IEC standards. At
100 km/hr, the axle box fitted with a double row cylindrical roller bear-
ing on a MINDEN drive bogie, when passing over jéints of 25 meter long
rails, produced a maximum acceleration of approximately 26 g. Similarly,
when the axle box was fitted on an axle with a wheel of 840 mm diameter

and a flat was ground on the tread measuring 55 mm by 55 mm square, the

acceleration at 90 km/hr was approximately 20 g. By plotting the two cases

for several running speeds, the authors show that the acceleration for
both the rail joint and the tyre flat are very similar in magnitude. They
note, then, that the magnitude of acceleration during normal running of a
smooth wheel on a fail without joints was one-half to one-fourth of the
magnitude produced by the rail joint. The axle box acceleration is known
to increase in proportion to the weight of the car capacity and can reach
a value of over 100 g at railway switch points or other singular parts.

A frequency analysis of the acceleration pulse, obtained when passing over
a rail joint, and compared to the shape obtained during normal running,
showed that the shapes were very much similar. The primary increase is
noted ‘in ;hé increase in the low frequency component, under 500 Hz, for a
car ruhning over a rail joint. The acceleration pulse due to a tyre flat

indicated four peaks. The frequency did not change, in spite of a change
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in speed. These peaks were at 250 Hz, 630-800 Hz, 1.6-2 KHz and 3.15-

4 KHz, which are assumed to correspond to natural vibrations of the wheel
and the bogié. When the running speed was increased, the acceleration
component at peaks other than 250 Hz also increased. It was also shown
that as the acceleration of the axle box increased there was a pronounced
increase in the stress of the retainer.

The two bearing rows were strain gaged in order to investigate
the distribution of load within one journal bearing. The investigation
sﬁoWed some caseé of even distribution and other cases of radial loads
varying by as much as 68%. The bore of the axle box actually deformed:in-
to an oval shape in gervice3 and the bearing outer ring was influenced by
this deformation. | | '

The cylindrical roller bearings used on the New Tokaido Line
are designed to have a dmn value less than 300 (10)3,‘even at maximum
operating speed of 210 km/hr. The maximum ratio of the radial load to the
basic load rating is approximately 0.12. The strength of the retainer was
investigated by strain gaging,and it was found that for a square flat on
the wheel measuring 55 mm by 55 mm, as the speed‘increased,the retainer
stress actually decreased from approximately 1.5 kg/mmz‘at 20 km/hr to
slightly lesé than 1 kg/mm2 at 100 km/hr. For a rail joint, however, the
retainer stress increased from .5 kg/mm2 to approximately 1.5 kg/mm2 when
passing over rail joints at the 20 km/hr and 100 km/hr speeds, respectively.
The force acting on the retainer pocket of the cylindrical roller bearing increased
significantly ﬁith speed for both the rail joint and the tyre flat cases.
An investigation of motion of the rolling element showed that the revolv-

ing slip of a set of cylindrical rollers or retainer was as little as 1%.
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The authors state that after approximately 2 wmillion km of service on the
New Tokaido Line,bearings that are inspected seldom show any apparent:
damage.

6 references, 13 figures, (v 1I, pp 23, 0-10)

24, On the Fatigue Life and Accuracy of>Ax1e-Bearing Unit Type Roller

Bearings, A. Adachi, T. Miki, and Y. Ohmori, Japan

The ABU (Axle-Bearing ﬁnit) is a rotating end of cap type tapered
journal roller bearing which has been widely adopted by railroads the
world over. Its excellent performance has been noted. The present
. papef represents an effortrto further study the bearing>life using large‘
sophisticated test machines. The bearing studied waé a Koyo ABU tapered
journal roller bearing, clags F, having an I. D. of 157.162 mm and Q. D.
of 252.412 mm. Tﬁe cone and cup widths were 177.8 mm and 184.15 mm,
respectively. Eight bearings were used in the test.

Two bearings were mounted in the test machine, one on each axle
of the wheel set. The radial load and axial thrust lpads were 22,700 kg
and 5,000 kg, respectively. The test was driven at 1,000 revolutions per
minute,and the duration was 2 to 5 times the calculated life,or 496 to
1,278.7 hours. During the tests, temperature rise and bearing vibration
were continuously monitored. The bearing was disassembled after the test
for complete examination,and the grease was thofoﬁghly checked.

At the end of the test it was noted that 5 of the 8 bearings
showed normal fatigue spalling. Those which showed spalling had been
subjected to an average of 3.2 times the calculated life, with a minimﬁm

2.03 times and a maximum of 5.35 times. All of the spélling occurred on
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the inboard cone raceways where the thrust load was applied. The temp-
erature rose initially to a peak around 117°C in 10 to 20 hours and was
followed by a gradual cooling unfil it stablized at 100 to 150 hours.

The average peak temperature rise was 86.100 While tﬁe average stablized
temperature was 69.1°C. The row under thrust load showed a higher temp-
erature than the row under no thrust load. No temperature abnormalities
were noted. The vibration monitoring showed an inital vibration of 1.5
to 2 g on every sample bearing. When spalling occurred however, the
vibrétion showed an incfease to 4-4.5 ¢ ;r about Z'times the initiai
reading. An analysié of the bearings after &he test showed that the initial
starting torque of the bearing before the test had decreased from 289.8
kg~cm to a range of 69.3 to 81l.9 kg-cm. All bearings were free from
greaseileakage with one slight exception. Chénges in bearing dimension
due to operations during the test were fouhd to be within tolerances. It
was noted that thé appearance of the three bearings which had not spalled
was found to be excelleﬁt at the end of thé test. The grease condition
at the end of the test -on ali beérings was found to be.safisfactory and

the condition of the seals was found to be normal.

8 tables, 4 figures, (v II, pp. 24, 0-10)

25. The Technology Problems of Heat-Refining of the Solid Railway Wheel

Rims from the Producer's Standpoint, K. Mitura, O. zarybncikf,

Czechoslovakia
It was noted that since the new UIC specifications contain re-
quirements for heat-treating the rim of railway wheels, it is well to

investigate the mechanical properties and structure of the solid wheels
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in both the as-normalized state and the heat-treéted state, Initially,

a discussion is given on the various relationships of metallurgical and
mechanical properties of steels. Before beginning studies on full size
wheels,llaboratory investigations were conducted on the effect of cooling
rate and tempering on the structure and thé hardness. This was done uéing
Jominy hardenability tests. On the basis of the laboratory tésts, the

rims of solid 920 mm dia. wheels were subjected to heat-treatment testing
under pilot plant conditions where one side of the fim was cooled. For
this, three separéte heats were used. The carbon content was 0.43%, 0.5%,
and 0.567, respectively. The percentage of the other constituents was

also slightly increased in the heat with higher carbon content. Heat-
treatment was conducted for four periods of 2, 2.5, 3 and 3.5 minutes. The
mechanical properties of the plate and of the rim after watef spraying and
after spraying and tempering were investigated. Also, the variations in
structure after water spraying and after tempering following water spraying
were investigated. Similar investigations were made of the properties
resulting from pilot plant trials with three sided cool rim. The defof-
mation of the wheel upon water spraying was also discussed.

13 references, 9 tables, 32 figures (v II, pp 25, 0-41)

26. A Technical, Economic Rational for Railroad Wheel Challenges,

R. Beetle, USA

The emergence of energy and material considerations into wheel
manufacturing will further demonstrate the increased advantages of cast
steel wheels. A discussion of AAR specifications for wheels was given,

and the evolution of current wheel design was briefly discussed.
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The energy considerations in the manufacture of both cast steel
and wrought steel wheels are given,as are the capital investment require-
ments for the two types pf whéel plants. The author noted advantages of
nondestructive inspection in guaranteeing a uniforﬁ wheel product.z Also,
work by others on fracture toughness has shown that the flaw size which
becomes critical should be identical for comparable wrought and cast steel
wheels. The importance of contfdlling the braking application on wheels
and the advantages of using composition type brake shoes was discussed.

14 references, 4 tables, 5 figures, (v II, pp 26, 0-14)
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27. X-Ray Detection of Fatigue Damage in Railroad Wheel Shafts,

H. Ohuchida, M. Nagao, and E. Kuboki, Japan

X-ray studies were conducted in order fo investigate 1) the
size effect of notched specimens upon fatigue, 2) the surface effect on
fatigue, 3) a probability problem and 4) an influence of machine finishing
conditions upon fatigue damage detection. Also, the rapid evaluation of
S-N curves was demonstrated. For this inﬁestigation the long specimens
were 10 mm in diameter and 300 mm 1ong,vthe surface area being nearly
equal to that of the large specimens (60 mm in diameter and 60 mm long)
and the small specimens (10 mm in diameter and 20 mm long).

The results of notched specimen fatigue experiments on the size
effect suggests the necessity of using additional structural considerations
in the mechanics models. The X-ray study revealed that micro-yieldings at
the notch root surface are the same at the fatigue limit whether or not the
specimens are of the same shape or size. Moreover, the changes in X-ray

broadening on the specimen surface during the fatigue process were found
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to distribute near to the same line for all kinds of specimens.

A study of the surface area effect upon fatigue showéd that the
fatigue limit for the large electro-polished and for annealed specimens
was 17 kg/mm2 and 19 kg/mmz, respectively. The values for annealed and
machined small specimens were 20 kg/mm2 and 21 kg/mmz,_respectively. The
fatigue limits of the long specimens were very close to those of the large
annealed specimens. Thus the area effect was found to be very important,
since the static tensile strengths were the same in the different specimen
sizes. The micro-yielding on an arbitrarily selected test area on the
long specimens was distributed all over the specimen surface,and its value
was mainly a function of fatigue life. The probability stﬁd& of fatigue
life with large wheel shaft specimens at the same stress amplitude (24.0
kg/mmz) show that X-ray observation can detect those specimens in a group
that are too weak to withstand a service load. Further, it was shown that
the change in residual stress of large wheel shaft specimens is dependent
upon the fatigue life rather on the stress\amplitude. Fatigue life scat-
tering was proved to be causeé by the scattering of cyclic micro-yielding.
The study of the effect of machine finishing conditioﬁs on X-ray fatigue
detection showed that while the initial residual stress of the lightly
machined specimens was nearly equal to that of the normally machined one
(i.e., =30 to =40 kg/mmz), it decreased monotonously under cyclic stress,
and the decreasing rate of residual stress was nearly the same as that of
normally machined specimens. The change of reéidual stress, which was
considered to be a function of the average plastic strain, represents
fatigue damage. A method for the rapid evaluation of S-N curves was

sucessfully demonstrated.
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10 references, 2 tables, 9 figures, (v 11, pp 27, 0-11)

28. Periodic Inspection and Maintenance of the Wheelset, A. Barajas,

Mexico

The sole obJectlve of this presentation was to inform those
countries in attendance at the Fifth Internatlonal Wheelsets Congress of
the techniques used by American railroads in relation to the maintenance
of wheels and axles. These techniques are based on procedures sst forth
by the Association of American Railroads and b& the experience of the
member railways. The author describes the general techniques for both
visual and nondestrucﬁive inspection of axles and wheelst Both magnetic
and ultrasonic flaw detection techniques are mentioned. ' The most common
failures to be detested are described, and established inspection intervals
and techniques are discussed.

41 figures, (v II, pp 20, 0-45)

29. Axle Maintenance of High-Speed and Very High Speed S.N.C.F. Vehicles,

J. Quessart, France

The new railroad to begin operation in 1980 or 1981, running
420 km from Paris to the southsast of France, has caused equipment engineers
to investigate the problems of maintenance of the multiple unit trains. The
speed will be 260 km/hr. Previous experience on the S.N.C.F. will be used
to make projections for this new very high~speed service. Also the domain
of very high-speed service is being investigated through the use of two.

experimental machines. The TGV 001, in service since April 1972, has
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seen 17,000 km of service at speeds over 260 km/hr and 1,160 km of service
since 1974, 2,300 of which were at speeds over 260 km/hr.

For the current high-speed equipment, visual inspections are
carried out at fixed intervals by speciaiized teamslat the vehicles homé
base. Ultrasonics are used only:to check for:faﬁlts in the body of the
tyre of monobloc locomotive wheeis. The interval between examinatiops is
one year, equivalent to a running distance of aBout 350,000 to 400,000 km.
The inspections are intentionally simple. More complete inspections for
locomotives are carried out every one million km. This operation involves
complete magnetoscopic examinations of the axle, fixing new wheels onto
re-machined wheel seats, replacing axle boxes after checking and changing
the axle box greése. The coaches are inspected every 270,000 km, pri-
marily for comfort reasons. The wheel life span fo# the 1ocoﬁotives is 1
million km, where for the coaches it isvabout 800,000 km. Reprofiling of
the wheels on vertical lathes is performed only for the locomotives.

Using a copying lathe, the whole reprofiling operation takes 30 to 40
minutes, where a small amount of metal is removed in one pass. Forty-five
minutes to one hour is required in order to eliminaﬁe faults on the tread,
where two or three passes are needed. Heat detectors are mounted on each
axle box on the CC 6500 locomotives.

The experience of the railroad networks show that non-alloy UIC
steels. give very good results in service. Axle protection from corrosion
and impact of small objects at high speeds is important. In the repair
of axles, any cracked part is scraped. Welding, metalization, electrolytic
deposits, etc.; are not permitted because they can lower the fatigue limit.
The wheel seats are machined each time the wheel is replaced. Removal
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under oil pressure is used to avoid damage. Diameter limits are strictly
defined. Any groove marks are eliminated. Where possible, crack de-
tection is done by magnetoscopy since this method is more reliable and
sensitive than ultrasonics.

The axles of the two SNCF experimental_yery high-speed loco-
motives are generally of the same specification as those of other stock.
The status of rim bands of monobloc wheéls is more strict at this time,
and inveétigations are being carried out to show if this is necessary.
Also, a special high-speed axle box grease'ié used. Investigations are
being carried out to show if this is necessary. "Also,investigations to
find a wear resistant steel for wheels are being conducted. Wheel profile
is a stability factor in very high-speed operations and it is hoped that the
progression towards the allowed limits will be as slow as possible in the
hope of limiting the frequency of profile repairs. The inspection rules
for axles at very high-speed service will be essentially the same as
those for high-speed locomotives. The only change will be a systematic
machining of the wheel profile at intervals of about 3 months (100,000
to 120,000 km). The reprofiling installations will treat the two axles
from the same bogie simultaneously ,which should permit the reprofiling
of 26 axles of a train set in a maximum of 8 hours. 1In addition, before
each reprofiling, an automatic ultrasonic examination of the rim band of
monobloc wheels is envisioned.

7 figures, (v II, pp 29, 9-20)

30. On the New Maintenance Control System for the Wheel and Axle Assemblies

of Rolling Stocks, K. Ishii, Japan

64



Two objectives .are discussed in the paper, namely to outline
the efforts used for assuring that the wheel and axle assemblies used on
the New Tokaido Line do not ﬁail in service, and to discuss the shop effi-
cency in handling this maintenance. For the Japan National Railways high-
speed stock, the quantity of wheelsets maintained is quite large.

In the span of 1970 to 1971, the inspection of all kinds of
rolling stock on JNR was significantly changed. Data obtained on the
reliability of the. equipment combined with newly developed materials led
to the decision to increase the time between inspection intervéls for the
rolling stock. Also, at the intermediate inspections, the inspection was
simplifiéd and limited to the running device only. In the paper, some of
the history of the inséection systems for'fhe New Tokaido Liné is dis-
cussed along with the history of the other electric passenger cars on
the previously existing lines. |

The maintenance program for the New Tokaido Line consists of
general overhauls with regular inspections at frequeat intervals and two
bogie inspections between general overhauls. The regular inspection was
maintained at every 30,000 kilometers (30 days) under the new program.
The bogie inspection interval was increased from every 240,000 km (8
months) to 300,000 km (10 months). Similarly, the period for general
overhaul was increased.from 720,000 kﬁ (24 months) to 900,000 km (30
months).

For the bogie, the regular inspection interval consists of in-
spection of the axles in place under the car. The bogie inspection con-
sists of dismounting of the wheelset from the bogie, "a little dismount"

of the wheels, inspection of the axles and turning of the wheel tread.
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At the general overhaul, the wheelset is dismounted from the bogie, the
wheels are dismounted from the axle, the axles and gears are inspected
and the wheel tread is turned. It is also noted that the wheel tread is
reprofiled as the occasion calls,which the author suggests is once every
two or three regular inspections.

The axles are made of JIS standard carbon steel, commonly used
for machine structures. To increase the total fatigue strength of.the
axles, high frequency induction hardening is applied throughout the length
of the axle, with the exception of a small area in the middle of the
wheel seat and the ends of the journal.' The wheels are high carbon steel
of a solid type which are manufactured by hot rolling and rim quenching.
Disk brakes are mounted on both sides of the wheel plate. Mounting and
diémounting of the wheels to the axles a¥e aided by using an oil injection
technique. To make the mounting and the dismounting process easier, an
0oil injection hole and groove is fitted into the wheels.

As the bogie enters the maintenance flow pattern; it is first
disassembled. After washing, the axle is ultrasonically inspected with
both normal and angle beam probes. The next step is the dimensional in-
spection of the wheels, the data being stored in the computer. Next,
through using the oil injection method, the wheels are dismounted from
the axles. It must be noted that at this point the wheels are stored in
a vertical storage rack according to théir measured dimension. No further
mating of the two wheels and the particular axle from which they came is
made. The axle and gear are now inspected by magnetic particle method.
Following an inspection of the gear box and bearings, the outside diameter

of the wheel seat is measured and stored in the computer. Now the axle is
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mated up with any two wheels chosen by the computer to have internal

diameters giving a suitable interference fit and rolling diameters within
specified limits. (It appears that no machining of either the axles or
the wheel bore is performed at this time)% The measurement of the wheel
bore and diameter and the axle diameter is fully automatic. After the
wheels are pressed on the axle, a holding force check at 100 metric-tons is
made to ensure a proper fit. As wheels are removed from service and new
wheels are mounted on used axles, a boring machine with numerical control
automatically matches the wheel bore to the axle dimension.
The main factor causing the replacement of axles is the occurrence

of micro~fatigue cracks on the wheel seats. These are usually about 50
to 150 microns in depth and are detected by magnetic particle‘inspection.

| As a-result of investigation made by JNR, it has been shown that
the main -contributor to the lowering of fretting fatigue strength of the
axle is the concentrated stress induced by the frictional force due to
fretting. The stress concentration was shown to increase with both the
contact pressure and the coefficient of friction. The occurrence of cracks
is mainly influenced by the contact pressure and the cyclic stresses
acting on the fretted area. Tﬁe reason why the non-propagating cracks
occur is the fact that the influenced region of the fretting fatigue is
limited to a very thin surface layer. Also, it was shown that the stress
level for crack initiation decreases linearly with the contact pressure,
while on the other hand, the fracture stress tends to a definite value

after an initial decrease with contact pressure. Tests showed that the

*
Reviewer 's Comment
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larger the com?ressive residual stresses in the axle and the deeper the
hardened layer, as a result of iﬁductign hardening, the larger the'frap-
ture limit. The distribution of residual stress and the depth of the

- h&rdened layer were graphically shown..

2 tables, 9 figures, (v II, pp 30, 0-22)
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High-Speed Operations of Japan National Railways

The high-speed network comnecting Tokyo to Osaka was opened
October 1, 1964. This was a completely new right-of-way with no grade
crossings and having no service other than the Shinkansen high.speed trains.
In 1965, the first year of full operation, approximately 21 million passen-
gers were carried with 40 trainsets. There were 110 scheduled trains on
each day. 1In 1974, based on estimated data, there were 133 million passen-
gers carried.

In March of 1975, the high-speed service was extended from Okayama
to Hakata. With the completion of this new line, the total Shinkansen
length was increased to 1069 km (664 miles). The number of trainsets has
been increased to 133 and there are now 258 daily scheduled trains
on both weekdays and Sundays and holidays. The maxiﬁum operating speed is
210 km/hr (130.5 mi/hr) with a scheduled speed of 162.8 km/hr (10172 mi/hr)
for the fokyo to Osaka Line and 166.6 km/hr (103.5 mi/hr) on the Osaka to
Okayama Line.

The Shinkansen network is treated by Japan National Railways as
a completely separate operating unit so that costs and other operating
data are easily identified. According to data furnished by Japan National
Railways, the Shinkansen hés consistently shown greater income than expenses.
In fact, in 1973, with an expense of 135,000 M yen ($450 M)f the revenue
was 290,300 M yen ($968 M),yielding a positive balance of 155,300 M yen
($517.9 M).

The-distance from Tokyo to Osaka is 515.4 kilometers (320.3 mi)

at 299.83 yen/dollar
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which is traversed in a time of three hours and ten minutes for nonstop
service. The construction of the Tokyo to Osaka line took five and one-
‘half years, and the cost was 380,000 million yen ($1.28B). High-speed

" trains making scheduled stoés also operate bétween the two points;

Tour of Hamamatsu Work Shop

At the conclusion of the Wheelsets Congress, a tour was con-
ducté& of the Shinkansen repair facility located at Hamamatsu, between
Tokyo and Osaka. The facility occupies 410,000 square meters of land
with a building area of 1Q5,000 square meters. There are 181 office
workers and 1,941 shop.wdrkers. All of the 2,128 Shinkansen cars (133 sets)
are assigned to Hamamatsu. Also assigned for maintenance here are 725
other electric railcars and four wrecking cranes.

~ The facility was modern, clean and well organized. At the time
of general inspection, the trainsets are completely disassembled. The
trucks are removed, all electrical equipment is removed and the interior
of the car is completely gutted. A complete inspection of the car body is
made, and, at each of the stations where the various pieces of equipment
are taken, a full inspection of the equipment is made. When the unit is
reassembled it is in effect a new trainset. The shop superintendent
stated that he could assure a 90% availability of trainséts with this
maintenance program. The details given in the last paper (No. 30) of the

congress are for the Hamamatsu workshop and will not be repeated again.
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