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PATENT OFFICE.

ELI O. ACKERMAN, OF COLUMBUS, OHIO.

METHOD OF OPERATING RAILWAY ROLLING STOCK TO PREVENT RAIL CORRUGATION.

Application filed October 12, 1927. - Serial No. 225,795,

This invention relates to a method of pre-
venting rail corrugation in electric railway
lines or systems and has for its object to pro-
vide a method of operating the rolling stock
of electric railway lines or systems by which
the cumulative rail deforming action of trac-
tion wheels which results in rail corrugation
is avoided.

Rail corrugation has been for over twenty
years, one of the most puzzling problems
conhonhnw electric railway officials all over
the world. It has caused rapid deterioration
and destruction of track work and rolling
stock everywhere and has continued un-

5 checked throughout the world to destroy in-

estimable millions of dollars in property an-
nually. The problem of rail corrugation has
heen the subject of many careful and exhaus-
tive investigations by individual electric
railway companies and by electric railway
associations. The results of many of
these investigations have been published,
bhut no a«lvqua(e and complete remedy has
been found. Prior to the present invention,
rarious theories have been advanced as to
the cause of rail corrugation and various
remedies have been proposed for the preven-
tion thereof, but in so far as I am aware,
none of the pmposed remedies have succeed.
ed in more than slightly mitigating the evil.

T have discovered that the real canse of
rail corrugation is the cumulative torsional
vibrations set up repeatedly in the driving
axles and traction wheels of electric railway
ars during their travel over the rails. The
present invention has for its object to so op-
erate the rolling stock on electric railway
lines as to pr event cumulative rail deform-
ing action by controlling the torsional vibra-
tory action of the individual units of rail-
way rolling stock in:such a manner as to
plevent cumulative rail deforming action on
the rails due to repeated passage over a
agiven portion of track of traction wheels
having the same wave length tendency with
respect to torsional vibr ations and subjected
to cumulative torsional vibrations during

their passage over the given portion of the

track.

With the above and other objects in view,
the invention may be said to comprise the
ethod as illust ated in the accompanying
drawings hereum,fter deseribed and particu-

SIng

larly set forth in the appended claims, to-
gether with such variations and modifica-
tions thereof as will be apparent to one
skilled in the art to which the invention ap-
pertains.

Reference should be had to- the accom-
panying drawings forming a part of this
specification in which Ti igure 1 is'a diagram-
matic view showing the standard electric
railway car axle Logethm with' the gearing
by which the axle is driven from the lectric
propelling motor.

Fig. 2'1s a side elevation showing on an
ex xggel‘ltcd scale uul corrugations “Such as
are produced on the rails of all electric rail-
way lines.

Fig. 3 is a diagrammatic view showing a
divided driving axle and gearing for driv-
img same from The motor.

Blg 4 is a view similar to Fig. 3 showing
a two motor worm gear drive.

Fig. 5 is a view showing a differential
drive for a two part axle.

Fig. 6 is a view showing a continuous non-
rotatable axle with separately driven wheels
rotatably mounted thereon.

Fig. 7 shows an axle driven through gear-
ing located at its center or nodal point.

Fig. 8 shows a drive in which power 15 ap-
plied simultaneously to the axle at points
adjacent its opposite ends.

Itig. 9 shows traction wheels of relatively
small diameter on an axle of re J‘lLlVG v
large diameter for the purpese of increasing
the natural torque vibration frequency of
axle and wheels to a point where it will not
synchronize with the pulsations of power
through the main gear at any ordinary
.spoed at which the car will travel in service.

IFig. 10 illustrates means by which corru-
Uwimn of rails may be avoided 1 by employing
10llmw stock on a given line in which there
are several classes of cars, the cars of each
class having. a wave length tendency differ-
ent from that of cars of other cl asses, due to
differences in the sizes of wheels, axles and
genrs.

Figs. 11, 12 and 13 show forms of gear-
ad‘lptcd to drive traction wheels with-
out appreciable fluctuations of torque, Fig.
11 showing a worm dvive, Fig. 12 a helical
gear drive and Fig: 13 a silent chain drive.
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dampener applied to a traction wheel axle.

Fig. 15 is a section taken on the line indi-
cated at 15——15 in Iig. 14.

Tig. 16 is'a sectional view showing a medi-
fied form of vibration dampener.

Fig. 17 is a scctional view showing a vi-
bration dampener attached to a car wheel.

Fig. 18 is a side elevation of a car wheel
with a dampener applied thereto.

Fig. 19 is a radial section through a car
wheel having a dampener attached thereto.

Tig. 20 is a wave diagram showing tor-
sional vibrations of a shaft having a disc
at each end. '

Fig. 21 is a wave diagram showing veloc-
ity variations due to torsional vibrations in
the standard car axle. :

Fig. 22 is a diagrammatic view of a car
axle showing the surface divided by paral-
lel lines which are spaced in accordance with
the spacing of the teeth of the driving gear.

TFig. 23 1s a diagrammatic view showing
the deflexion of the axle upon application of
driving force thereto. ' )

My investigation of the phenomena of rail
corrugation indicates that the cause of the
rail corrugations is a vibrating body with a
pulsating, energizing force which approx-
imates synchronism with  the” vibrations of
that body. ‘

Since the wheel is the agent which wulti-
mately produces the corrugations, it follows
that the wheel itself must either vibrate or
transmit the effect of the vibrations. Of the
various vibrations which might be trans-
mitted through the wheels of the car, torque
vibration in the axle causing alternate cir-
cumferential movements of the wheel sur-
faces is the only vibration as it now seems
to me which could produce the fluctuations
in pressure on the rail which would result in
deformations of the rail surface correspond-
ing to the corrugations produced by an elee-
tric railway car,

This torsional vibration may be illustrated
by firmly fixing two metal discs to a small
steel shaft, one near either end of the shaft,
suspending the shaft in any suitable way,
holding the shaft from revolving by clamp
at the center which will be the nodal point
and drawing a well resined belt along the
periphery of the dise, which will set up
torque vibrations in the steel shift, the discs
oscillating alternately .- forward and back-
ward. If this unit (two disecs and shaft)
while vibrating is caused to revolve rapidly,
it will be apparent that the movement of the
periphery of either disc will be a succession
of rapid advances interspaced by periods of
less rapid advances, which is the resultant
of the vibrating and spinning movements,
the oscillation of one disc being exactly bal-
anced by the oscillation of the other disc,
the nodal point being at the center of the

" shaft.

1,718,100

Fig. 20 is a development of curves show-
ing the peripheral speed of each disc in
which the perpendicular distance from. line
“A—A” to line “B—DB” represents the speed
due to spinning, which we will call normal
speed and the curves represent the modifica-
tions of that speed due to vibration. The
dotted line “C—C” vepresents the peripheral
speed of one disc and the solid line “D—D”
that of the other disc. It is to be noted that
the average of these two speeds at any in-
stant is equal to the normal speed and that

“each curve in making a complete cycle passes

the normal line twice,
In an electric car, the axle with its two

wheels serves as a vibrating unit, (the vi--

brations being torque vibrations in the steel
axle), and it is further equipped -with. a
heavy gear located between the center of the
axle and one wheel. The combined moment
of inertia of the gear and adjacent wheel
being greater than the moment of inertia
of the opposite wheel, the nodal point will be
brought over from the center toward the
gear causing the wheel farthest from the
gear to oscillate through a greater ave.

Fig. 21 is a development of curves show-
ing the peripheral speeds of wheels modi-
fied by the unbalancing of the monents of
inertia due to the adding of the large gear,

to line “F—I” represents the peripheral
speed of the wheels due to spinning and the
curved lines rvepresent the modification of
that speed due to the torque vibration of the
axle, the dotted line “G—G” representing the
speed of the periphery of one wheel, the
solid line “H-—H” that of the other wheel,
It is to be noted that the average of the two
speeds does not equal the normal speed ex-
cept the instant the two curves are passing
the normal line and that in one full cycle
each curve passes the normal line twice.
TMig. 22 represents a car axle in which
“I” represents the position of one wheel, “J”
the position of the other and “I” the posi-
tion of the gear wheel. - The surface of the
axle is divided by parallel lines “L—1.” into
equal parts, each part being the amount sub-
tended by the angle between centers of gear

" teeth.

Tig. 23 represents a small part of Fig. 22
in which the diametrical scale is largely in-
creased and each division is subdivided into
minutely small parts by parallel lines which
may represent the fibers of steel at the sur-
face of the axle. If torque be applied to the
axle, it being elastic material, these hines will
become twisted about the center of the axle,
the amount of the twist depending upon the
amount of the torque applied. The straight
line “M—M?” parallel to the center of the
axle would represent the-position of a fiber
of steel on the surface of the axle when the
axle is not stressed and the line “N.K.N.”
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would represent the position of the same
fiber when power is applied at “G” and both
ends of the axle are equally stressed. In
the case of a car axle, the torque is applied
at “K” and the wheel “I” being close to gea
“K” will be driven in advance of the wheel
“J” located at the other end of the axle
which will lag slightly, it being at greater
distance from “K”, the steel fibers would
be equally stressed and assume the position
shown by the line “N.K.N.” If the car be
caused to move forward at the speed ve-
quired for two gear teeth to pass in the exact

time of one complete torque vibration of the-

wheels and axle, including gear wheel and
wheel I moved forward in advance of the
other as noted in the paragraph above, there
will come a time when the stress in the axle
between gear K and wheel J reaches its
maximum at which time wheel I will tend
to rebound and wheel J will start to rotate
forward more rapidly, the steel fiber being
twisted, will assume a position similar to
that shown by line O.K.O. When wheel J
has begun its more rapid forward rotation,
the second gear tooth comes into action and
augments that movement while the wheel 1
is tendm«r to rebound. Wheel J continues
its lnovemcnt until the maximum stress in
the axle between the gear K and wheel I
has been reached when the wheel J tends
to rebound, wheel I begins a more rapid
movement, the steel fiber being twisted will
assitme a pos1t10n similar to that shown by
line P.X.P. If this process is repeated with
synchronism between the torque vibrating
time of the wheels and axle and the time of
the passing of two gear teeth, a violent vi-
bration will be set up which accumulates in
intensity until the synchronism is broken,
thus causing a series of vibrations which
result in %h(n.p periodic fluctuations. in the
pressure of each wheel on the rail. These
series are repeated over and over as the car
approaches the critical speed. The more
closely the critical speed is approached, the
greater will be the number of waves in
each series.

Experience has shown that any electric car
of the designs that have been in comumon
use up to the present time, travelling with
power under ordinary conditions, will read-
1ly produee corrugations.

In this connection, it is noted that prae-
tically all electric cars in common use up
to the present time are driven by gears
mounted near one end of the axle so that
when power impulses through the gears
svnchronize with the torque vibrations of the
vibrating unit (wheels and axles), the effect
will be to produce cumulative torsional vi-
brations in the wheels and axles and this
effect will be produced at a given critical
speed for each vibrating unit, ‘the effect be-
ing to produce corrugations in the track.

3

Tt is also a fact that a set of cars operating
at a comparatively low speed and not pro-
ducing corrugations may, when operated a
agr entcr spced cause corrugations to become

gencul. In this Lonnocuon 1t i apparent
that cars operating at compzu atively low

speeds do not pr oduc(' corrugations because

the speed is below the critical speed at which
the power impulses are ynchmnugd with
the Lun(, of torque vibration of the wheels
and axles and that increase of the speed to
the critical speed for the given units causes
the cumulative vibrations which produce
rail corrugation.

It has been found that the wave length or
distance from crest to crest of the rail cor-
rugations on any system, approaches re-
mlukdbly cloge - to uniformity. T hc uni-
formity in length of corrugations is the
result of the uniformit v of diameter of tr rac-
tion wheels and of the number of teeth in
the driving gears. An examination of the
relation Lhat the main driving gears of the

car bear to the length of the wave of the
corrugations show the following results:

In Columbus, the average length of the
waves of corrugations on the No. High
Street tracks was found to be 2.801 inches.
On the-cars in service on this line, the diam-
eter of car wheels when new was 33 inches
and when worn to the point where they were
disearded, 8114 inches.

The number of teeth of the large driven
gear on part of the cars ig 67 and on pavt,
69. Therefore, the average peripheral move-
ment . of the wheel while the gear moves
from one tooth to the next is 1.490 inches or
a little more than half the wave length.  Ex-
pufnlen[s have shown that morve or less slip

pnw of wheels occurs on all cars propelied
by electric power and it is probable that
more slipping ocears during the cumulative

vibruttom of wheels and axles than when
the car wheels roll smoothly over the tracl.
Assuming the slipping during the vibrating
period to be :Lpproximntoi.\r 69, 1t will De
noted from the data given above that the
average movement of cars while the gear
moves over two  teeth will be ‘)},n of
1.490 X2=9.801, which -is the exact lengih
of the average wave length of the rail cor-
rugations noted above.  Apparently to pro-
duce cumulative vibration in the wheels and
axle while spinning, we should have (wo
power impulses represented by he passing
of two gear teeth during the time of cach
complete vibration... If the ear ig caused to
waove forward at the speed required for two
gear teeth Lo pass in the exact time of ons
complete torgue vibration of the wheels and
axle and one wheel moves in advance of the
other, as would be the case in the torsional
vibration of the wheel and axle, there will
come a time when the stress in the axle
reaches "its ‘maximum at which time one
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wheel will tend to rebound and the other to
rotate forwardly move rapidly. The steel
fibers of the axle being twisted, will agsume
a position such as illustrated by the line
“O.X.0.” in Fig. 28, and the first half of
the cycle will have been completed. Wlhen
the second wheel has begun its more rapid
forward rotation, a second gear tooth comes
into action and augments that movement,
while the first wheel is tending to rebound.

“The second wheel continues 1its movement

until maximuni stress in the axle between
the gear wheel and the first wheel has been
reached when the second wheel tends to ve-
bound and the first wheel begins a more
rapid movement, the steel fibers being
twisted will then assume a position similar
to that shown by the line “P.ICP. in Kig.
23 and the second half of the cycle will have
been - completed. This process being rve-
peated in time to create synchronism be-
tween the torque vibrating time of the
wheels and axle and the time of the passing
of two gear teeth, sets up violent torque vi-
brations in the axle which accumulates in
intensity until the synchronism is broken,
thus causing a series of vibrations. These
series are repeated over and over as the car
approximates the critical speed, the more
closely the critical speed is approached, tlie
greater being the number of waves in each
series. ,

It has also been found that wherever rail
corrugations appear on both rails of a track,
they are never directly opposite each other,
but the crest of the corrugation on one rail
is directly opposite the lhollow of the cor-
rugation on the other rail. This nccessarily
follows since the torque vibration moves the
wheels always in opposite directions.

It is also true that corrugations seldom ov
never appear on the wheel surface. The
wheel tread is of harder material than the
rail and the teeth in the driven gear being
an odd number will cause each revolution
of the wheel to balance the corrugating effect
of previous revolutions and prevent cor-
rugation.

Well defined corrugations appear more
generally in series of varying numbers of
waves, and seldom appear in a continuous
line of regular waves for any considerable
length of track. The varying number cf
waves in the corrugations and the breaks in
the continuity of the waves are due to the
fact that synchronism between the driving
impulses and ‘the natural torque vibration
period of a wheel and axle may be closely
approached, but is never exactly main-
tained for any great period of time, the
series of corrugations being produced when
synchronism is approached and the length
of a series of corrugations depending upon
the degree of synchronism. If all cars were
operated at the exact critical speed, coxr-

1,718,100

rugations would be continuous, but obvious-
ly such operation is impossible. :

It has been generally observed that cor-
rugations appear more abundant on one rail
than on the cther one.  The greater number
of corrugations on one rail is due to the fact:
that the vibrating movement of one wheel 1s
ereater than the other due to unbalancing of
the moments of inertia of the wheels on op-
posite ends of the axle, the combined mo-
ment of one wheel and the adjacent  gear
wheel being greater than that of the other.

In the case of a car wheel resting on a

track, the wheel being conical and the rail

surface oval, the contact would, if the wheel
and rail were not elastic, be a point and the
wheel being loaded would exert-a compres-
sion stress upon that point of infinity per
square inch. The wheel and rail, however;
being elastie, are deformed by the compres-
sion stress so as to make the point which we
will call the first point of contact, spread

‘out into a spot (an area of contact) the

shape - and. magnitude of which deperds
upon the diameter of the wheel, the contour
of the wheel tread and of the rail surface and
their relative positions, together with the
load and the degree of elasticity of the wheel
and rail.
the rail at the first point of contact will be
stressed beyond its elastic limit and the stress
of the metal of both the wheel and the rail
will decrease ag we move in any direction
from the first point of contact. The metal
of the first point of contact is, however, held
in place by the surrounding metal until the
stresses become too great, when the metal
will flow, the movement being along the line
of least resistance. When the thrust pro-
ducing rotary motion of the wheels and their
travel along the rails is caused to pulsate
and the pulsations are augmented with regu-
larity by the vibraticns of the axles, the
stress transmitted through the spot of con-
tact of wheel and rail will be simultaneously
pulsated and the effect of the pulsations will
cause the metal to flow from under the wheel
at one point of the pulsatory movement and
to be piled up at another point of said pul-
satory movément. with the same degrée of
regularity. :

It is apparent, therefore, that if the peri-
odic variations in angular velocities of
traction wheels which cause the fluctuations
in pressure on the rail can be so controlled
as to be ineffective to deform the rail surface
either by preventing cumulative torsional
vibrations of wheels and axles or by elimi-
nating the cumulative effect of continual
passage of traction wheels of the same wave.-
length tendency, the -deformation of the
rail surface may be prevented.

Fig. 1 of the drawing shows diagrammati-
cally, the conventional drive employed on
practically all railway cars at the present

The metal of both the wheel and -
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time. The axle 1 has fixed thereto at its
opposite ends, traction wheels 2 and 3, and
between the central point of the axle and
one of these wheels, there is mounted a large
spur gear 4, which is driven by a punon 5
on the shate 6 of an electric motor T suitably
supported along side the axle. As explained
above. the unit consisting of the two traction
wheels and the axle to which they are fixed
will have a natural tendency to vibration
about a nodal point 8 which is positioned
at one side of the center of the axle toward
the gear 4 due to the increase in the moment
of inertia at that end of the axle, due to the
mounting of the gear wheel ther eon.

Fig. 2 “of the (lmwmtr shows a section of

rail ‘) which has been ('onuuated by the pas-
sage 01 electric railway cars, thc corrugations
10 being shown on an enlarged scale For the
purpose of illusti-ation.

It will now be apparent that if the indi-
vidual units of railway rolling stock on a
eiven line or system are so operated that
torsional vibrations are substantially elimi-
nated or so that synchronism between pulsa-
tions of driving power and the natural
periods of torque vibration of the axles are
prevented, corrugation of rails in the system
may be avoided.

Fig. 3 shows diagrammatically, a two part
axle 11 which is divided at the center and
which has a gear 12 adjacent each traction
wheel 13, each gear being driven by a pin-
ion 14 on the-shaft of a motor 15, the gears
heing on opposite sides of the motor and the
two sections of the axle bheing driven at
equal spedds. Since the axle is divided at
ity center, the wheels and axle do not form
a vibratine unit and there will be no harm-
ful torque vibration in the wheels and axles.
Fuorthermore, cumulative vibrations due to
fluctuations in the application of power to
the axles in synchronism with the torque
vibrations are prevented.

In Fig. 4 of the drawing, there is shown
a drive similar to the drive shown in Fig.
3 except that the axle sections 20 carry worm
gears 21 which are driven by worms 22 on
shafts of two separate motors 23.  The drive
shown in Fig. 4 insures with more certainty,
uniform rotational movement of the wheels
since the worm drive applies a non-fluctnat-
ing tor qe to each part of the axle.
i g. 5 of the drawing shows a drive
Hnmwh a two part axle 30 in which a dif-
ferential gearing 81 is. interposed between
the two parts of the axle, so that the torque
iz applied. independently to cach half of the
axle and the {raction wheel fixed thereto.

TFig. 6 of the drawing shows a continu-
ous axle 40, which has a traction wheel 41
1ot ‘Hablv monnted upon each end thereof.

Ini this case, the power is applied through
guitable gears 42, directly to the two wheels.

Fig. 7 of the drawing shows a drive in

5

which the driving gear 50 is attached to the

center of an axle 51 which has traction
wheels 52 fixed to its opposite ends. By
placing the gear 50 at the center of the axle,
the moments ()f inertia are balanced on oppo-
site sides of the center and the drive is
through the nodal point so that cumulative
torque vibrationsg of the axle and wheel ave
prevented.

Fig. 8 shows a drive for a traction wheel
unit mm which the axle 60 has a gear 61 at-
tached thereto adjacent each of the traction
wheels 62, the gears 61 being driven by suit-
able pinions driven by the same or separate
motors.. The rvesult of driving an axle simul-
taneously through gears A(I]acenf its oppo-
site ends is to dampon the torque vibrations
of the axles and wheels and prevent them
from becoming cumulative,

Fig. 9 of the drawing shows a means by
which -synchronism hetween the pulsations
and power and the natural torque vibrations
of the axle and wheels is prevented so that
cumulative torque vibration  eannot’ occur.
In this case, the axle 70 is of relatively large
diameter and the traction wheels 71 fixed
thereto are of relatively ‘small diameter so
that the natural torque vibration frequency
of the axle and wheels is increased to a point
such that it will not synchronize with the
pulsations of power through the main gear
at any ordinary speed at which the car will
travel in service.

In order to eliminate cumulative torsional
vibrations in wheels and axles, it is desirable
that the axles or wheels be driven with a sub-
stantially non-fluctuating  application of
power thereto and it is pr eferable regardless
of whether the wheels are dviven sopamt(\ly
or through a common axle that the usual
spur gear drive shonld be replaced by a
drive which will give a non-fluctuating ap-
plication of power.

In Fig. 11, there is shown a worm. drive
in which the worm gear 75 is fixed to the
car axle and is driven by a worm 76 cn the
shaft of the motor 77T.

In Fig. 12, there is shown a hielical gear
drive in which a large helical gear 78 on the
axle 79 is driven by a small helical gear 80
on the shaft of the motor 81.

In Fig. 13 of the drawing, there.is shown

a silent chain drive in which a sprocket 82
on the axle 83 ig. driven Unough a silent
chain 84, extending over the sprocket 82 and
a smaller sprocket 85 on the shaft of an elec-
tric motor 86. It is to be understood that
a non-fluctuating driving mechanism such as
shown in Fig. 11, Fig, 12 or Fig. 18 is the
preferred driving mechanism in any of the
traction units shown in Figs. 3 to 9. By re-
placing the ordinary traction wheel unit such
as shown in Fig. 1 on any given electric rail-
way line or system, by traction wheel units
such as above described, cumulative torsional
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vibrations of wheels and axles may be pre-
vented, it being immaterial in so far as the
present invention is concerned whether one
or several of the above described vibration
controlling means be employed on individual
cars of a given line or system.

The changing of the driving equipment or
of wheels and axles involves a relatively
large expenditure of money and would re-
quire overhauling of the entire equipment of
the line and the installation of such equip-
ment while desirable in the long run would
in most instances have to be a more or less
gradual process extending over a consider-
able period of time.

The present invention, however, contem-
plates the operation of existing rolling stock
on a given line or system with minimum
changes or additions thereto to prevent the
corrugation of rails so that the desired re-
sults may be accomplished without exten-
sive replacement or alteration of the rolling
stock at present in use. A

The continually repeated passage of trac-
tion wheels with-corresponding periodic fluc-
tuations in pressure on the rails of the same
wave length tendency over any given por-
tion of track which results in corrugating ac-
tion may be avoided by operating several
different classes of cars, the cars of each class
having a wave length tendency different
from those of any other class. When the
cars ave so operated, it is not possible for the
corrugating tendency of one car to fall in
step with the corrugating tendency of an-
other car of different wave length tendency,
and each class of cars having a wave length
tendency different from that of other classes
will cause each class of cars to efface the cor-
rugating effect of other classes and thus pre-
vent the development of corrugations on the
rail. It will often be possible by rerouting
the present equipment in a given system
to provide a sufficient number of classes of
different wave length tendencies on a given
line to prevent the development of rail cor-
rugations. - _

Fig. 10 shows various types of standard
equipment which may be used in combina-
tion on a given line or system to prevent
the corrugation of rails. . This figure shows
traction wheel units of different wave length
tendencies due to different sizes of wheels
and gears. The wave length tendency in
each case is the length of the arc on the
tread of the wheel subtended by two. suc-
cessive teeth of the gear. - Certain of the cars
may have traction wheels 90 of relatively
small diameter which: are driven through a
gear 91 on the axle, two teeth of which sub-
tend an arc R.S. on the rail engaging periph-
ery or tread of a wheel. Other cars may
have relatively large wheels 92 driven

through a gear 93 on the axle of the same

size as the gear 91, two teeth of the gear
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93 subtending an arc T.U. on the wheel tread
of greater length than the arc R.S. on the
wheels 90. Other cars may have relatively
small wheels 94 driven through a gear 95 of
a size different from that of gears 91 and
93, two teeth of this gear subtending an arc
V.W. on the wheel tread of -a length differ-
ent from. that of the arcs R.S. or T.U.
Other cars may have relatively large wheels
96 driven through a gear 97 of the same size
as gear 95, two teeth of the gear 97 sub-
tending an arc' X.Y. of a length different
from R.S., T.U. or V.W. By selecting cars
for a given line with sufficient number of
different wave length tendencies, rail corru-
cation may be prevented. ‘ '

The torque vibrations in individual units
of railway rolling stock may be controlled
by attaching to the driving axle or to the
traction wheels, vibration dampeners such as
shown in Figs. 14 to 18 of the drawing. The
vibration dampener shown in Figs. 14 to 15
consists of a fiywheel 100, divided into two
parts which are held apart by means of a
series of coil springs 101. The flywheel is
mounted in a flanged hub 102 which is keyed
to the axle and which carries a langed collar
103, which is screwed on the hub and held
in place by a jam nut 104. An annular
piece of friction fabrie 105, which may be

made of material similar to brake band Hn-

ing, is riveted to the flange of the hub be-
tween the flange and one section of the fly-
wheel and a similar band 106 is viveted to the
flange of the collar nut 104 and lies between
the other section of the flywheel and the
collar flange. The two sections of the fly-

wheel are held against rvelative circumferen--

tial movement by means of pins 108 which

are fixed to one section and project into :

sockets formed in the other section. The
springs 101 hold the two parts of the fly-
wheel against the pieces of friction fabric
105 and 106 with whatever pressure ig re-
quired and the pressure is adjustable by
turning the collar nut 103 and locking it in
adjusted position with the jam nut 104. - The
flywheel 100 may revolve independently of
the hub and axle and when the axle revolves,
the flywheel will be driven through the fric-
tion fabric face members 105 and 106.
Should any attempt be made to quickly re-
verse the -direction of revolution of the axle,
the momentumm of the flywheel 100 will op-
pose such aftempt. . When the spring pres-
sure is adjusted so that the fabric will slip
at the alternating speed of natural torque
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vibration of wheels and axle; the inertia of -

the flywheel will serve as a drag or dampener
to oppose the torsional vibration of the axle.

Fig. 16 shows an adaptation of the tor-
sional vibration dampener to an axle of
large diameter and is similar to the damp-
ener as shown in Figs, 14 and 15, except that
the flywheel 100¢ is held in a hub 102* which
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has a shorter flange and the flange nut 1032
is held in adjusted position by bolts 109 in-
stead of by a jam nut as shown in Figs. 14
and 15.

Irig. 17 shows an adaptation of the tor-
sional vibration dampener for attachment di-
rectly to a car wheel, this dampener being
usefil where there is not sufficient room on
the axle to mount a dampener such as shown
in IFigs. 14 to 16. In this form, the flywheel
consists of inner and outer sections 110 and
111 which are pressed apart by coil springs
112.  Section 110 of the flywheel is of sub-
stantially wedge form in radial dgecetion to fit
against the inmer face of the web of the car
wheel and is pressed againgt an annular piece
of friction fabric 113.  The inner section 111
is pressed against a similar annular piece of
friction fabric 114 secured upon the inner
face of a flange nut 115, which is screwed
upon the hub ‘of the wheel and held in ad-
justed position by means of bolts 116 extend-
ing through the plate antl the web of the
car wheel.

Figs. 18 and 19 show a similar form of
dampener adapted to be attached directly to
a car wheel and in this form, the flywheel
120 is formed in one piece with its outer
face of substantially conical form to con-
form to the inner face of the web of the car
The flywheel bears against an an-
121 secured
upon the face of the car wheel and is yield-
ingly pressed toward the car wheel by means
of an annular plate 123 which has a central
opening provided with notches 1"! which
receive lugs of similar form formed on the
hub of the car wheel. The plate 124 car-
ries on its inner face an annulav piece of
friction fabric 125 and. is yieldingly pwssul
toward the flywheel to clamp the flywheel
between the friction fabric on the car wheel
and: the friction fabric on the plate by means
of bolts 126, carrying springs 127, which
serve to maintain a spring prossme on the
plate 123 to maintain pressure between the
flywheel and the friction fabric on oppo-
site sides thercof.

It will be understood that the elimination

ail corrugation by the method of the
pw ent invention requires changes from the
present methods in operation of all the roll-
g stock used on o given line or system and
that any or all of the specific means herein
described for controlling the torsional vi-
brations in individual units to prevent the
cumulative rail deforming action of trac-
tion wheels may be employed on a given
line or systen:

What T claim is:

. The herein described method of op-
erating the rolling stock on electiic rail-
way lines or systems 1o prevent cumulative
rail deforming action of traction  wheels

7

which results in the corrugation of rails
which consists in preventing continu: 111\’ re-
peztlod passage ‘over. any ‘given portion of

track of traction wheels. hfwmtT substan-
ti:z‘],ly the same wave length tende: ney with
regpect to vibrations which eause apprecia-
ble. periodi¢ fluctuations of pressure on the
rails during thenr travel along the track by
controlling, in the units of the railway roll-
ing stock passing over any given portion of
tlm track, the torsionsl ";bmlmn which
cause pu,u)du: variationg in-angular veloe-
ity of: the traction wheels.

2. The herein described wethod of operatl-
ing the rolling stock on electric raitway
lines or sy stems {0 prevent the eumulative
rail deforming action of traction wheels
which results in the corrugation of rails
which consists in preventing eontinually ve-
peated passage over any given portion of
track of traction wheels Tha wing substan-
tially the same wave length tendency "with
respect fo vibrations which canse apprecia-
llo periodic fluettuations of pressuve on the

rails during theiv travel along the track by
substantially “eliminating . torsional Yiin'a—

tions in the driving wheels and axies of the
individual units of the railway rolling stock.
3. The herein deseribed method of op-
erating the rolling stock on electric rail-
way lines ov systems to plovom the comula-

tive rail deforming action of traction wheels
which reésults in ‘the corr ugutmu of rails

which consists 1n ]u'o\'ontiu'r (Onﬁ’maﬂv re-
peaioal passage over any’ given portion 01
rack of traction wheels having substantially
the same wave length tendency with respect
to vibrations ‘which cause appreciable pe-
riodic fluctuations of  pressure on the railg
during their travel along the frack by driv-
ing the (raction wheels of the individnal
units of railway rolling stock with continu-
ous substantially non- [m(/tuahn,t_)‘ Lpphc'lilon
of torque thereto to substantiail Hy elininate
cumulative torsional vibrations causing po
1i<)dic variations ‘in Hl( angular veloeity 6f
raction wheels. ‘

4. The herein deseribed method of op-
erating the rolling stock on electric ratlway
lines or systems o prevent the cunuilative
rail deforming action of traction wheels
which results in the corrugation of rails

%
which consists in preventing continually re-
poatu] passage. over any given porviion of
track of traction wheels lmvm,; substantially
the same wave length tendency with respect
fo vibrations which cause appreciable pe-
riodic fluctuations in pressove on the rails
during their travel aleng the track by main-
taining during the propuision of individual
units alonw {hc track. a subsumhally non-
ﬂucumtmg application of tergue from the
propeliing motors to the axles of the trac-
tion wheels.
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5. The herein described method of operat-

ing the rolling stock on electric railway lines
or systems to prevent cumulative rail de-
forming action of traction wheels which re-
sults in the corrugation of rails which con-
sists in preventing continu Llly repeated pas-
sage over any given portion of track of trac-
tion wheels havmﬂ substantially the same
wave length tende: ney with respect to vi-
brations whichi cause appreciable periodic
fluctuations in pressure on the rails during
their” travel along the track by applylno
torque independently to each traction wheel
in the propulsion of individual units of rail-
way rolling stock along the track.

2

6. The herein described method of op-

erating the rolling stock on electric railway .

lines or systems to prevent the cumulative
rail deforming action of traction wheels
which results in the corrugation of rails
which consists in provnntino continual]y re-
peated passage over auny given portion of
track of traction wheels havmﬂ svbst.lntmlly
the same wave length tendency with respect

5 to vibrations which cause appreciable peri-

odic fluctuations of pressure on the rails dur-
ing their travel along the tiack by mai n(,(un-
g while the individual units. ot the railwa
101]1n0’ stock are being propelled, a subst‘m-
tlally non ﬂnctnatmo application of torque
from the propelling motors to the individual
traction wheels.

7. The herein described method of operat-
Ing the rolling stock on electric railway lines
or systems to prevent cumulative rail de-
forming action of traction wheels which re-

-sults in the corrugation of rails which con-

sists in preventlno contmually repeated pas-

sage over any given portion of track of

traction wheels having substantially - the
same wave length tendency with respect to
vibrations which cause appreciable periodic
fluctuations in pressure on the rails during
their travel along the track by babncmg

~moments of inertia on opposite ends of the

driving axles of individual wunits of rail-
way rolling stock and applying driving
torque from the propelling motors to the
axles at nodal points of natural torque vi-
bmt]on

The herein descubed method of operat-
1n0' ‘the rolling stock on electric railway lines
or systems to prevent the cumulative rail
defounmg action of traction wheels which
results in the corrugation of rails which con-
sists in preventing cr)ntlnuqlly repeated pas-
sage over any .given portion. of track of
traction wheels having  substantially - the
same wave length tendency with respect to
vibrations which cause appreciable periodic
fluctunations of pressure on the rails during
their travel along the track by bahnom«
moments of iner Lla on opposite ends of the
driving axles of individual units of railway
rolhnfr stock and applying a substantially
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non-fluctuating driving torque from the pro-
pdhno motors to the axles at nodal points
of natural torque vibratiom.

9. The herein deseribed method of op-
erating the rolling stock on electric railway
lines or systems to prevent the cumulative

‘il deforming. action ~of traction wheels

which .rvesults in the corrugation of rails

which consists in preventing continually re-
peated. passage over any given portion of
track of traction wheels having substantially
the same wave length tondency with respect
to vibrations which cause appreciable pe-
riodic fluctuations of pressure on the rails
during their travel along the track by damp-
ening torque vibrations. in individual units
of railway rolling stock. -

10. The herein described method of op-
erating the rolling stock on electric rail-
way lines or svstems to prevent the cumu-
lative rail deforming - action of traction
wheels which results in the corrugation of
rails which consists in preventing contmually
repeated passage over any given portion of
track of traction wheels having substan-
tially the same wave length tendency with
respect to vibrations which cause appreciable
v periodic fluctuations of pressure on the rails
during their travel along the track by damp-
ening “torque v1brat10ns in individual units
of mﬂwny rolling stock and preventing them
from bﬂconnnfr cumulative by applying
torque from the propelling motors to driving
axles simultaneously at longitudinally qp‘lced
points on the axles.

11. The herein described method of oper-
ating the rolling stock on electric railway
lines or systcms to prevent the cumulative

rail defounmw action of traction wheels
which results in- the ~corrugation of rails

which consists in preventing contmually re-
peated passage over any given portion of
track of traction wheels having substan-
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tially the same wave length tendency Wlth '

respect to vibrations Whlch cause appreci-
able periodic fluctuations  of pressure on
the rails during their travel along the track
by dalnpomno torque vibrations in indi-
vidual units of railway rolling stock and

preventing them from becomlntr cumilative

by maintaining a substantially non-fluctuat-
ing application of torque from the propel-
lmtr motors to driving axles simultaneously
at ]on(rltudmally spaced points on the axles.

. 12. The herein described method of oper--
ating the rolling stock on -electric railway

lines or systems to prevent.the cumulative
rail deforming action of traction wheels
which results in the corrugation of rails
which consists in preventing conmnually Te-
peated passage over any given portion of
track of - traction wheels having substan-
tially the same wave length tendency with
respect to vibrations which cause appreciable
periodic fluctuations of pressure on the rails
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during their travel along the track by em-
ploying in individual units of the railway
rolling stock, wheels and axles of a natural
torque vibr: ation frequency non-synchronous
with pulsations of driving power at any
ordinary speed of travel of the units.

18. The herein described method. of op-
erating the rolling stock on electric railway
lines or systems to prevent the cumulative

rail deforming action of traction wheels
which results in the corrugation of rails
which consists in  preventing continu-
ally repeated passage over any given

portion or track of traction wheels having
substantially the same wave length tcndonuy
with respect to vibrations whlch cause ap-
preciable periodic fluctnations of pressure
on the rails during their travel along the
track by increasing the natural torque vi-
bration frequency of axles and wheels of
individual units of the railway rolling stock
to a point where they will not synchronize

O

with the pulsations of power through the
main driving gears at any ordinary speeds
at which the units will travel in service.
14. The herein described method of oper-
ating the rolling stock on electric railway
lines or sybtems to prevent the cumulative
rail deforming action of traction wheels
which results in the corrugation of rails
which consists in preventing continually re-
peated passage over any given portion of
track of traction wheels having substantially
the same wave length tendulcy with respect
to vibrations which cause appreciable pe-
riodic fluctuations in pressure on the rails
during their travel along the track by oper-
ating on a given line of track several dif-
ferent classes of cars, the driving axles and
traction wheels of each class having a torque
vibration wave length tendency substantial-
ly different from that of other classes.
In testimony whereof I affix my signature.

ELI O. ACKERMAN.
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