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TRACK WORKING APPARATUS WITH LASER
" BEAM REFERENCE

The present invention relates to track working or
surveying apparatus for correcting, recording or signal-
ing the position of a track in relation to a laser beam
reference or datum. -

In such apparatus, there is provided a laser beam
emitter, if desired a laser beam receiver associated with
the emitter so as to define the path of the laser beam,
and a laser beam sensing means, such as a mask or sen-
sor, in the path of the laser beam. Means is provided for
correcting or surveying the track position and, in the
latter case, a recording or signaling instrument for in-
dicating the track position is provided.

A laser beam reference is very useful in track work-

ing operations because of its long reach as well as its’

total insensitivity to weather conditions, the sharpness

of such a beam, and for other reasons. However, previ- .

ous efforts to make use of laser beams as a reference or
datum for track correction have failed because they
lacked the necessary accuracy and efficiency in such a
precision operation. . :

It is accordingly a primary object of this invention to
provide a practically useful laser beam reference for
track surveying or correction, to make such an ap-
paratus useful for a variety of track surveying and cor-
rection operations, including lining and leveling, to
construct it with a minimum of sturdy and easily opera-
ble parts, and thus to reduce service of the apparatus to
a minimum while making its operation simple but ex-
ceedingly precise. :

It is another object of the invention to provide sucha
laser beam reference not only for the control of the ac-
tual correction but also for controlling the correction
reference system as well as for simply recording or
signaling the misalignment of the track.

The above and other objects are accomplished ac-
cording to an essential characteristic of the present in-
vention by providing a laser beam sensing means in the
path of the laser beam, which sensing means is con-
nected with the track position correcting or indicating
means, for instance a track position recorder or a track
moving means and/or a movable anchor for one end of
a reference line belonging to a reference system in rela-
tion to which the track moving means corrects the
track position. Means is provided according to this es-
sential characteristic of the invention for holding the
laser beam sensing means in a measurably fixed rela-
tionship, preferably in immediate contact, with the
selected grade rail of the track. Laser beam sensitive
elements on the laser beam sensing means produce
control signals upon impingement of the laser beam on
these elements for actuating the control means operat-
ing the track position correction or indicating means,
i.c., the movement of the track moving means and/or
the movement of the reference line anchor, thus assur-
ing proper positioning of the reference line.

The precision of track surveying or correction
required in modern track working apparatus is assured
according to the invention by holding the laser beam
sensor in a fixed relationship to the grade rail so that an
accurate reference or datum is formed thereby, and the
laser beam responsive elements on the sensor automati-
cally and continuously survey the track and/or control
the correction work itself. Thus, it has been shown to
be insufficient merely to provide a laser beam
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reference and sensing means therefor to obtain a prac-
tically useful system. Rather, it has been necessary to
solve the problem of accurately positioning the laser
beam, i.e., its emitter and receiver, as well as the sensor
in the path of the beam, in respect of the track to be
corrected, and to coordinate all these parts of the
system in a manner that assures their preferably auto-
matic cooperation with the movable parts of the track
correction or surveying means without an unduly com-
plex arrangement which would require excessive ex-
penditure in service and undue skill in operation. The
present invention has solved this problem, making use
also of the property of laser beams of being much
sharper and more well defined than conventional light
beams, for instance, so as to form an exact reference or
datum but also of their intensity and readily controlla-
ble change of intensity to. make laser beam sensitive
elements most responsive thereto under all conditions.

If the apparatus is used for lining, the laser beam sen-
sor is laterally pressed against the grade rail. In leveling
operations, the laser beam sensor will be held in fixed
vertical relation to the grade rail by its own weight.

The apparatus of this invention works with a true
laser beam of well defined cross section which may be
rectangular and extend in a single plane, or may extend
in two perpendicularly intersecting planes forming a
cruciform or L-shaped cross section. As is known, a
laser beam maintains its high definition and intensity
for considerable distances so that a number of sensors
may be placed in its path to control various track cor-
rection movements and/or recordings. The sensors may
then be so placed in the path of the laser beam that they
mask only a portion. of the beam, permitting one sen-
sor, for instance, to control track leveling, another sen-
sor to control track lining, and so on, while a final por-
tion may be received at the receiver to control the posi-
tion of the laser beam which is then automatically
determined by the positions of the laser beam emitter
and receiver. '

In accordance with one feature of the invention, the
sensors and preferably the receiver of the laser beam
have laser beam sensitive cells or elements so arranged
about a center region that any deviation of the beam
from its centered position will immediately produce
control signals which will move the sensor and/or
receiver back into its centered position. Thus, the sen-
sor may be an apertured stop or mask with a central
aperture having the same Cross section as that of the
laser beam, which aperture is surrounded by light-
and/or temperature sensitive elements which produce
control signals for moving the sensor back into its cen-
tered position upon impingement of the laser beam on
such elements. The receiver may have a similarly ar-
ranged pattern of laser beam sensitive elements about a
non-sensitive central region. Thus, the entire laser
beam reference or datum will remain constantly and
automatically focussed while simultaneously being in a
fixed relationship to the grade rail.

It is also possible within the principles of the present
invention to use fixed points or markers along the track
as targets for the laser beam, which points have a given
distance from the grade rail, and to correct the track
position in respect of such fixed points with the laser
beam as a reference. In such apparatus, the laser beam
emitter is on an adjustable support movable along the



3,706,284

3

track, which support may be adjusted by remote con-
trol in respect of the selected grade rail of the track.

The above and other objects, advantages and fea-
tures of the present invention will become more ap-
parent in the following detailed description of certain
now preferred embodiments thereof, taken in conjunc-
tion with the accompanying drawing wherein:

FIG. 1 is a schematic side view of a combined track
tamper-surfacer-liner with an embodiment of the
reference system of this invention;

FIG. 2 is a top view of the embodiment of FIG. 1;

FIG. 3 is a schematic perspective view of essential
parts of the reference system; :

- FIGS. 4a and 4b show a modified detail of the
reference system in side and front view, respectively;

FIG. 5 is a schematic top view of a track liner with an
embodiment of the reference system of the invention;

FIG. 6 is a section along line VI—VI of FIG. 5;

FIG. 7 is a section along line VII—VII of FIG. 5;

FIG. 8 is a section along line VIII—VII of FIG. §;

FIG. 9 is a schematic top view of a modlﬁcatlon of
the system of FIGS. 5to 8;

FIGS. 10 to 12 illustrate various embodiments of
laser beam receivers;

FIG. 13 is a perspective view of a planar laser beam
and its emitter;

FIGS. 14 to 16 are schematic top views of various
track correction machines embodying the invention;
and

FIGS. 17 and 18 are perspective views of additional
machines embodying the invention.
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Referring now to the drawing, wherein like reference -

numerals designate like parts functioning in a like
manner, FIGS. 1 and 2 show a generally conventional
combined ' track tamper-surfacer-liner which has a
machine frame 1 mounted on three running gears 2 for
mobility on track rails 3. The illustrated track working
assembly carries a pair of tamping units 4 arranged to
tamp two immediately adjacent ties 5 simultaneously,
in the manner more particularly disclosed and claimed
in our U. S. Pat. Nos. 3,372,651 and 3,357,366. The
machine frame 1 also carries roller lining units 6 each
of which includes two flanged rollers 7 glidingly
gripping the heads of rails 3. Lining cylinders 9 are con-
nected to the lining units for transmitting laterally
directed power to a respective rail for pressing the
track into the correct lateral position, as is conven-
tional. The track lining actuating means 6, 7, 9 is verti-
cally adjustable on the front end of the machine frame
1, as seen in the working direction of the machine in-
dicated by a horizontal arrow, by means of a pressure
fluid drive 8.

The reference system for lifting the track to a desired
level or grade includes a reference consisting of a coni-
cal light beam 12 emitted from sender 11 mounted on
bogie 10, which is positioned in an uncorrected track
section, and received by receiver 13 mounted on
machine frame 1 for free vertical movement in respect
thereto and resting directly on track 3 in a track section
that has been corrected, the receiver 13 thus being ver-
tically movable with this track section when the same is
corrected. A light beam interceptor or mask 14 is also
mounted for free vertical movement on track 3 in a
track section intermediate the sender and receiver. As
is conventional in this type of track grading reference
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system, actuation of the lifting cylinder 8 is terminated
and the correct track level is indicated when the mask:
14 has moved upwardly with track 3 to the point where
it intercepts the lower portion of the conical light bun-
dle 12 to leave a lower straight line of light parallel to
the desired level of the track and the light receiver
below this line is prevented from receiving light.

The bogie 10, which may also carry track measuring
and recording devices, such as cross levels, is con-
nected to the front of the machine frame 1 by means of
spacing rod 18, which keeps the bogie at a predeter-
mined distance from the frame as the track working ap-
paratus proceeds along the track during the surfacing
and/or lining operation, the corrected track section al-
ways lying behind the units 6 while the bogie 10 runs on
the uncorrected track section. '

To avoid local falsification of -the track correction
due to an unusual low or high point in the uncorrected.
track section, the vertical position of light emitter 11 is
constantly observed by means of a scale 11'' on bogie
10. For this purpose, a source or emitter 17 of a planar
laser beam 16 is mounted on front bogie 19: The laser
beam is conical in a transverse plane substantially
parallel to the plane of the track. The laser beam
source 17 is mounted on a vertically adjustable carrier
support 18 on bogle 19 which may be pivoted 180°
about a vertical axis so that the laser beam source 17
may be selectively positioned into association with a
selected rail of the track, as best seen in FIG. 2. Such
adjustment-is necessary when the grade rail is changed,
i.e., when adjacent track sections form curves extend-
ing in opposite directions. A scale is associated with the
laser beam source to facilitate such adjustment in track
curves. The laser beam source 17 is additionally pivotal
about a horizontal axis extending transversely of the
track.

The front bogie 19 has its own drive, which is
preferably actuated by remote control, and runs on two
running -gears 19". The running gears have flanged
wheels or rollers which are pressed against the selected
grade rail so as to constitute a proper reference in
respect of the track and to bring the laser beam source
17 into proper relationship to the reference system.
Lateral pressure may be exerted in any convenient
manner, such as by jacking means, as is well known.

The bogie 10 also runs on two running gears 10’
which have flanged wheels or rollers which are pressed
against the selected grade rail in any convenient
manner. A laser beam mask or interceptor 20 :is
mounted on bogie 10 for 180° pivotal movement about
a vertical axial so that is may be swung around to a
selected grade rail in the same manner as the laser
beam source 17.

The machine frame 1 carries a laser beam receiver
21 which is also mounted for 180° pivotal movement
about a vertical axis so that it, too, may be swung
around to the selected grade rail, with laser beam
source 17 and laser beam sensing mask 20.:The laser
beam receiver 21 is mounted in substantial alignment
with the light beam receiver 13.

A second laser beam sensor or mask 22 is similarly
pivotally mounted on machine frame 1 in substantial
alignment with the tamping units 4 for further control
of the desired track correction. As best seen in FIG. 2,
this mask also is in the path of a portion of the out-
wardly tapering planar-laser beam 16.
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The laser beam emitter 17 is first coarsely centered
on receiver 21 by viewing a spotboard 24 (FIG. 3)
through sight 23, the spotboard being spaced the same
distance from the center of the receiver as the sight is
from the center of the emitter. Accurate centering of
the planar laser beam 16 during the continuous opera-
tion of the track correction apparatus is effected auto-
matically by remote control, either by radio 25 (FIG.
1) or by an electrical control circuit 26 (FIGS. 2 and
3). For this purpose, the receiver 21 has a grating or
scanning pattern of light- and/or temperature sensitive
cells which respond to the laser beam intensity received
thereby to produce corresponding electrical control or
radio signals for actuating pivoting drive 17’ for the
emitter 17 and/or pivoting drive 21’ for the receiver.

As seen in FIG. 3, the laser beam sensor masks 20
and 22 also carry light- and/or temperature sensitive
cells or elements 27 and 28. These radiation responsive
clements 27 and 28 extend horizontally above and
below a horizontally extending, fixed central region of
the masks, i.e., an open slot, the elements 27 and 28
responding to the laser beam intensity received thereby
to produce corresponding electrical control signals
characteristic of each element for energizing electrical
control circuit 29 to actuate the vertical movement of 2
respective sensor in dependence on the impingement of
planar laser beam 16.

The vertical movement of the sensor 20 actuates ver-
tical drive 11’ for light beam emitter 11 so that the ver-
tical position of the same is corrected if it is in the
wrong vertical position when the bogie 10 is stationed
at an unusually low or high point in the uncorrected
track section during the continuous advance of the ap-
paratus along the track on which work is done. The ver-
tical adjustment of the sensor 22 may be recorded on a
moving band 30. Also, a conventional pendulum device
31 may be mounted in the region of mask 22 toobserve
and control the superelevation of the track in relation
to the plane of laser beam 16. According to an impor-
tant characteristic of the present invention, all parts of
the reference system are pressed into contact with the
grade rail to assure accuracy.

As appears clearly from FIGS. 2 and 3, each of the
Jaser beam intercepting means 20 and 22, which are
spaced apart along the longitudinal extension of the
beam, are arranged to interfere with, or intercept, only
a portion of the lateral extension of the planar laser
beam so that preferably at least the central portion of
the beam is left unmasked and may be received by
receiver 21.

In the modification shown in FIGS. 4a and 4b, the
laser beam masking means is constituted by a slotted
stop 32. While the stop has been shown to define a
horizontal slot 33 surrounded by a light- and/or tem-
perature sensitive cell or element 34, this slot may in-
stead extend vertically or be replaced by a circularly
shaped aperture. Also, only one side of the stop ad-
jacent the slot or aperture need be light- and/or tem-
perature sensitive, instead of all sides. The illustrated
stop is useful in association with the horizontal laser
beam 16, as shown in FIG. 13,and a differently shaped
and/or positioned aperture would be used with a laser
beam of different shape andfor position. As in the
previously described modification, the mask 32 is verti-
cally movable by drive 11"

20
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The mobile track liner illustrated in FIGS. 5 to 8
operates in the manner fully described in Austrian Pat.
No. 227,749 and, since conventional, will be described
herein only inasmuch as pertinent to the reference
system of the present invention. This track working ap-
paratus comprises a series of carriages spaced apart in
the direction of track elongation for movement on the
track rails on one or two-axles. As seen in the working
direction, the apparatus comprises a rearmost carriage
35, preceded by a measuring bogie 36, track lining unit
37 and front carriage 38. Preferably, all of these car-
riages are independently mounted for lateral move-
ment on the underside of the mobile machine frame 39
which has its own running gears (not shown) for mo-
bility on the track. The operator’s cab 40 is mounted on
the frame 39. :

The axles of the carriages have flanged. wheels and
conventional means is provided for laterally pressing
the carriages against the selected grade rail of the track

- until the flanges of the wheels engage firmly against the

25

30

35

45

50

55

60

selected rail. The lateral pressure means may include a
laterally movable second axle (shown in broken lines) .
or a pair of double-acting jacks 41.

In the reference system used for track alignment ac-
cording to the above-mentioned patent, a long
reference chord 42 extends from rearmost carriage 35
to front carriage 38, passing intermediately positioned
measuring bogie 36. The anchor points of the long
chord are laterally movable on their respective car-
riages by a spindle drive 43 rotated by servo motor 43,
The short reference chord 44 has one end point
anchored to the rear carriage 35 at the same anchorage
as long chord 42 while the other end point of the short
chord is anchored to the track lining unit 37 to be
laterally moved therewith with track 3 and the roller
unit 37 when the latter is actuated, the short reference
chord also passing intermediately positioned measuring
bogie 36. This two-chord lining system is well known
and requires the ordinates on the.two chords measured
at 36 to be in the same proportion in a track curve as
the proportion of lengths of the two chords. The track 3
is laterally moved by roller lining units 37 until the or-
dinates at 36 have reached this proportion, two chord
probes being mounted on screw-threaded spindie 36
for automatically determining the alignment in the
manner fully described and claimed in our U. §. Pat.
No. 3,314,373.

To avoid local falsification of the track lining due to
a sharply out-of-line position of front carriage 38 in the
uncorrected track section, the known reference system
is associated with a laser beam 45 extending laterally
adjacent track 3 in the direction of elongation of the
track. The position of the laser beam my be fixed by
end points 46 and 47 which may be arranged at regular
intervals along the track at a predetermined distance
from the theoretical center line of the track.

A foremost carriage 48 precedes the track lining ap-
paratus in the working direction to support the laser
beam receiver 50. For this purpose, a spindle drive 43
operated by servo motor 43’ is mounted on the car-
riage, the spindle drive having a support arm 49 pro-
jecting laterally beyond the track and supporting the
receiver 50 at a predetermined point which may be ad-
justed by rotation of the spindle drive, regardless of the
actual lateral position of the track section. The laser
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beam receiver 50 is pivotally mounted on the support
arm 49. The laser beam source or emitter 51 is similarly
pivotally mounted on the support arm 49 projecting
laterally beyond the track from spindle drive 43 on rear
carriage 38 and whose lateral position is adjustable
similar to that of receiver 50. As in the previously
described embodiment, the laser beam emitter carries a
sight 23 for viewing a spotboard on the receiver so as to
focus the emitter on the receiver. A television receiver
and screen 53 in the operator’s cab is connected to the
laser beam emitter to enable the operator to focus the
emitter by remote control circuit 53' actuating the
pivotal movement of the emitter. ‘

* Accurate centering of the laser beam 45 during the
continuous operation of the track liner is effected auto-
matically by remote control circuits 52 and/or 53’, the
contro! circuits being actuated by signals from the
scanning pattern of light- and/or temperature sensitive
cells on receiver 50 (see FIG. 6). Automatic focusing is
effected by vertically moving and/or pivoting sender 51

and/or receiver 50. As shown in FIG. 7, the laser beam"

45 is of rectangular cross section and defines a vertical
reference plane extending in the direction of track
elongation. This cross sectional shape of beam 45
facilitates the control of the emitter 51 in dependence
on the receiver as well as the masking or interception of
the beam by sensing means 54 also mounted for lateral
movement on support arm 49 of spindle drive 43 which
is arranged on the carriage 38. The lateral movement of
the mask 54 is controlied automatically by control cir-
cuit 55’ connected to servo motor 43" of its spindle
drive, the control circuit being actuated by signals from
light- and/or temperature sensitive elements 585
mounted laterally adjacent the beam 45, as seen in FIG.
7. Thus, the masking or sensing means 54 constitutes a
probe for the laser beam and, depending on which of
the lateral contact elements 55 is intersected by the
laser beam, a corresponding control signal will rotate
the spindle drive 43 in one or the other direction to
move the probe back into alignment with the beam 45.

When the probe 54 is in perfect alignment with the
laser beam 45, i.e., when its elements 55 are out of con-
tact with the beam, the forward end of the longer chord
42 has exactly the same distance from laser beam 45 as
its rear end on carriage 35. In a track curve, the lateral
adjustment of the arm 49 on carriage 38 takes into ac-
count the corresponding ordinate, for which purpose
the arm carries scale 49''.

The arms 49 on carriages 35, 38 and 48 may be
pivoted 180° about a vertical axis so that they may be
associated with the other rail of the track when a
change of grade rail is required. The carriages them-
selves are relatively light and readily exchangeable so
that the apparatus may be used in reverse working
direction.

It is not essential for the laser beam emitter and
receiver to be mounted on laterally adjustable support
arms. They may be moved or fixed at a fixed lateral
distance x from fixed points 46 and 47 which have a
predetermined lateral distance from- the grade rail or
center line of the track. For instance, as indicated in
FIG. 6, the receiver may be clamped to a stake 46 at
49' (the emitter being similarly mounted). Or, as
shown in FIG. 8, the emitter §1 may be mounted on a
third rail 56 (the receiver being similarly mounted). As
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indicated in broken lines in FIG. 5, the outer ends of
respective -support arms. 49 may contact the fixed
points 46 and 47. N

FIG. 9 schematically illustrates-a different reference
system for lining, this system, too, being associated with
a laser beam 45. In this system a single reference line
57 'is provided whose . front end is. moved into a
predetermined position in relation to the laser beam 45
so that the line 57 forms a proper reference for move-
ment of the lining unit 37 which, in this embodiment, is
preferably arranged closer to the rear carriage 35 than
the front carriage 38.

The installation of the laser beam reference plane
will be facilitated by the use of optical and/or acousti-
cal control signals. indicating the proper spacing from
the fixed points 46 and 47. '

The embodiment of the laser beam receiver 21
shown in FIG. 10 is designed for a laser beam 16a con-
sisting of two perpendicularly intersecting planar beam
portions. The light--and/or temperature sensitive cells
or elements 58 of the receiver are distributed. in
quadrants surrounding an-imaginary cross centered on-
the receiver and corresponding to the cross section of
the laser beam. Thus, when the beam deviates from its
centered position, it-will promptly impinge on one or
more elements 58 producing a signal to indicate such
deviation.

In the embodiment of the laser beam receiver shown
in'FIG. 11, a cross sectionally L-shaped laser beam 16’
is to be sensed, the two legs of the L having positioned
adjacent thereto light sensitive elements 58 and tem-
perature sensitive elements 58’. Any movement of the
laser beam off center, as indicated by the horizontal
and- vertical arrows, will produce a corresponding
signal as soon as one or both legs of the beam impinge
upon one or more of the elements 58 and/or 58'.

FIG. 12 shows an embodiment of a laser beam
receiver 21 designed to sense two parallel, spaced-
apart laser beams 16'’, 16'’. In this receiver, two cen-
trally positioned light- and/or temperature sensitive
elements 58'', 58'' are provided on the receiver inter-
mediate the two laser beams. As the two coordinated
laser beams move off center in a vertical direction, one
or the other beam will impinge on a respectively ad-
jacent element 58’' to produce a corresponding signal.

FIG. 13 shows a horizontally extending, planar laser
beam 16 which constitutes a true datum or reference
for leveling or grading the track in respect thereto.

FIG. 14 shows a track liner with a mobile machine
frame 60 having running gears 61 moving on track 3 to
be lined by means of roller lining unit 62 whose flanged
wheels engage the-rails. A bogie 63 runs on the track in
the region of the track lining means 62 and serves as
the forward anchor of the shorter reference chord 64,
similarly to the embodiment of FIG. 5. ‘As in the other
embodiments and forming part of the lining reference
system, the bogie 63 may be pressed into engagement
with the selected grade rail to assure the accuracy of
the reference point. The shorter chord 64 extends rear-
wardly to rear carriage 66 which also anchors. the rear
end point of the second, longer reference chord 65
whose forward end point is anchored: to front carriage
67.

Forming part of the lining reference system, the car-
riages 66 and 67 also have flanged wheels with which
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they may engage the selected grade rail under lateral
pressure so that each point of the reference system
produces an accurate reference defined by the grade
rail. As previously pointed out, the lateral pressure may
be exerted by preferably hydraulically operating jacks
which may either be double-acting or constitute a
second carriage axle, pressure means of this type and
for this purpose being known per se.

The measuring bogie 68 intermediate the rear car-
riage 66 and the lining unit 62 senses the actual or-
dinate of the longer chord 65, which is converted into
the desired ordinate for shorter chord 64, the ordinate
of the shorter chord being in a proportion to that of the
longer chord determined by the proportion of the
lengths of the two chords, all of which is well known.
The track 3 is laterally moved by unit 62 until the
desired ordinate of shorter chord 64 at measuring bogie
68 has been reached. The hydraulic motor 62’ of unit
62 is automatically controlled by electric control cir-
cuit 68’ which is actuated by a control signal from con-
trol device 68'' associated with chord 64 on bogie 68.
The control device may be mechanically operated by
the short chord 64 or it may be a rotary potentiometer
operated by the chord to produce the desired control
signals.

This known lining reference system is positioned in
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relation to a laser beam 70 extending laterally of the

track in the direction of track elongation. For this pur-
pose, the rear station 66 of the lining reference system
carries a pivotally mounted support arm for the laser
beam source or emitter 69 so that the emitter may be
swung into position alongside either rail of the track. A
foremost carriage 73 carries a similarly pivotally
mounted support arm projecting laterally beyond the
selected rail to support the apertured stop 71 in the
path of the laser beam. Like carriage 66, the carriage
73 also has flanged wheels which may be laterally
pressed into contact with the selected rail. The stop 71
has light- and/or temperature sensitive elements (cells)
on both sides of the aperture or slot of the stop to
produce control signals which automatically actuate
the control drive or servo motor 71’ for positioning the
stop 71 so that the laser beam is centered or focused on
its aperture, the laser beam emitter 69 being simultane-
ously centered by the control signals via control circuit
72"

A laser beam reflector 74 is mounted on the stop 71
behind its aperture to deflect the laser beam passing
through the aperture when it is properly focused by the
above-described automatic control or centering means.
Carriage 73 mounts a second reflector 74’ roughly in
vertical alignment with the center line of the track, the
two reflectors being arranged to deflect the laser beam
each time by 90°, i.e., to return it from reflector 74’ in
the same direction whence it arrived, i.e., back towards
the previously lined track section. .

Front carriage 67 of the linging reference system car-
ries a laser beam receiver or target 75 whereon the
laser beam coming from reflector 74’ impinges. The
target 75 is fixedly connected to the anchor 75a of the
forward end of longer reference chord 65 and is
laterally movable therewith on carriage 67. This target
7§, too, has light- and/or temperature sensitive ele-
ments whose control signals automatically center the
target in respect of the laser beam so that the forward
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end of the longer reference chord 65 is automatically
moved into a desired lateral position at which it is at ex-
actly the same lateral distance from laser beam 70 as
the rear end of the chord 65 is from that beam in the
lined track section. As is known, the ordinate of the
curve must be taken into consideration when the ap-
paratus works in a'track curve.

If desired, the laser beam reflectors 74 and 74’ may
be replaced by a target at 74 and an independent laser
beam emitter at 74’ which has a fixed distance to the
target at 74. This modification is functionally
equivalent to the one above-described since, in fact,
the reflector 74 can be considered a laser beam target
and the refleéctor 74’ a laser beam emitter.

In the track liner of FIG. 15, a very simple lining
reference system is used, like reference numerals in this
figure designating parts that function in the same
manner as in the embodiment of FIG. 14. The datum
line for the reference system is again provided by laser
beam 70 generated by emitter 69 and passing through
apertured stop 71 to target 74. As in previously
described embodiments, the emitter 69 may carry a
sight 23 for coarse focusing on target 74. The laser
beam. emitter and target are mounted on fixed points
46 and 47 adjacent the track so that the laser beam
datum line requirés no further auxiliary devices to
determine its position. A signal, such as warning light
74", may be provided at the laser beam target 74 to
enable an operator to adjust the position of the laser
beam emitter 69 as to focus or center the beam on the
target or a spotboard connected thereto.

The laser beam sensing means is an apertured stop
71 mounted in the path of the beam and is laterally
pressed by jack 41 against the grade rail of the track 3
so as to indicate the actual position of the track to be
lined. The stop carries light- and/or temperature sensi-
tive elements 72 laterally adjacent the aperture of the
stop (and the laser beam) so as to produce control
signals when the beam deviates from the centered posi-
tion, which signals actuate control circuit 72' operating
control or servo motor 77 for the double-acting jack
62’ of the lining unit 62. The electric motor 77 operates
a hydraulic supply and valve system 77’ for controlling
the operation of jack 62'. The track 3 is laterally moved
by the unit 62 until the laser beam 70 passes through
the aperture of stop 71, at which time the elements 72
emit no control signals. The stop may be laterally
moved so as to compensate for the ordinate in track
curves, i.e., the greater distance of the curved track
from the straight datum line or plane.

FIG. 16 illustrates a very useful embodiment of a
track working apparatus wherein a single laser beam
datum cooperates with a series of sensing means spaced
along the track elongation in the path of the beam so
that the same beam may be used for a variety of pur-
poses along the track, i.e., for leveling, lining, recording
or merely indicating the track position. For this pur-
pose, it is particularly advantageous if the laser beam
16 is of cruciform or L-shaped cross section, such as
shown in FIGS. 18 and 11, so that the spaced laser
beam sensing means may intercept different cross sec-
tional portions of the beam. Such sensing means may
be arranged, if desired, on a series of different track
working machines advancing along the track in the
same working direction but being otherwise indepen-
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dent of each other, particularly since the reach of a
laser beam may extend to more than 600 feet.

The track working apparatus schematically shown in
the top view of FIG. 16 includes a combined tamper-
leveler-liner similar to the one illustrated in FIGS. 1
and 2 but comprising two lining units 6 and 62. Since
the same reference numerals are used to designate like
parts functioning in a like manner, redundancy will be
avoided in the description of this figure by referring to
the preceding description of FIGS. 1 to 3, the laser
beam being of cruciform cross section.

Seen in the working direction, the laser beam is first
intercepted by sensor 20 which may have the form
shown in FIG. 3 and intercepts that horizontal leg of
the beam which extends inwardly toward the track.
When impinging upon the light- and/or temperature
sensitive elements of the sensor 20, this leg of the laser

" beam will produce control signals actuating control cir-
cuit 29 to adjust the vertical position of light emitter
11. This will cause the light beam 12, which is used as a
reference line for leveling the track, to assume a posi-
tion parallel to the desired level of the track 3.

The next sensor 20a is spaced rearwardly of sensor
20 and is arranged to intercept the upwardly extending
leg of the cruciform laser beam 16. It is associated with
the roller linirig unit 6 which laterally moves the track
to produce at least coarse lining. The jack 9 of the lin-
ing unit is operated by the servo motor 76 which is ac-
tuated by control circuit 75’ receiving the control
signals from the sensor 20a.

The third and rearmost sensor 20b is associated with
the-roller lining unit 62 and is arranged to intercept the
downwardly extending leg of the cruciform laser-beam.

~ The control signals from this sensor are fed to control

circuit 76’ operating relay 78 for controlling the lateral
movement of the unit 62 which may be used for fine
lining the track.

The portion of the laser beam 16 which has not been
intercepted by sensors 20, 20a and 205, particularly its
center and remaining parts of its legs, are received by
receiver 21 and used to center or focus the same in-
respect of emitter 17. This receiver is mounted on a
laterally projecting support arm 79 on rearmost car-
riage 80 on which the support arm is mounted for
lateral movement in respect of the track so that the
receiver 21 has the same distance from the center line
or grade rail of the track as the emitter 17 whereby the
laser beam 16 assumes a position parallel to the center
line of the track in a vertical and horizontal direction.
All parts of the reference system requiring an accurate
relationship with the actual position of track 3 are pro-
vided with biasing or pressure means 41 enabling such
parts to be pressed into contact with the grade rail.

FIGS. 17 and 18, finally, illustrate track work carried
out according to the principles of the present invention,
using solely a fixed point 46 along the track as datum
for the work.

As shown, a front carriage 38a runs on track 3 and
carries a support frame 81 for the laser beam emitter
82. The emitter 82 is mounted at the outward end of a
support arm 84 being laterally movable by a spindle
drive operated by servo motor 84’ which may be
remote controlled. The carrier 81’ of the support arm
may be pivoted about a vertical axis so that the emitter
82 may be swung into association with either ong of the
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track rails. As in all embodiments, the carriage .38a,
which forms part of the reference system, is pressed
into contact with the selected grade rail to form-an ac-
curate reference basis according to the actual position
of the track. The planar laser beam 83, which flares
outwardly, is focussed vertically downwardly against -
the fixed receiver 46.

The track lining in reference to-the laser beam 83 is
effected by the two-chord system more fully described
hereinabove and known per se, which includes the
chords 42 and 44 cooperating in the manner described
in connection with FIG. §, like reference numerals

_designating like parts functioning in a like manner to

avoid redundancy in the description. The forward
anchor point 42" of the longer chord 42 is fixedly con-
nected with the laterally movable support arm 84 and
thus is moved therewith into the desired position of the
track, regardless of the actual position of the track at
this point, as long as the lateral position of the sender is
adjusted into vertical alignment with the fixed track
point 46. This imparts the desired alignment to the en-
tire chord 42 since its rear anchor is on carriage 35q in
the previously lined track section.

As soon as the chord 42 has assumed the correct
position or alignment, the track may be laterally moved
by track lining unit 374 until the forward end of the
shorter reference chord 44, which is anchored to the
bogie 37’ at the lining unit 37a and moves laterally
therewith, has moved the chord so that the ordinate
ratio at the measuring bogie 364, which includes the
probes 36’ for the chords, has the desired value. Opera-
tor 85 actuates the control 86 which is connected to
servo motor 84’ by control circuit 87 to move the sup-
port arm 84 transversely of the track until he ascertains
visually that the planar laser beam 83 is in alignment
with the fixed receiver 46.

In the extremely simple track liner of FIG. 18, a
roller lining unit 37b has journaled therein a laterally
movable support arm 84 carrying the laser beam
emitter 82. The planar laser beam is again downwardly
focussed on fixed receiver 46. The track lining unit 375
has the usual double flanged wheels gripping the rail
heads and a double-acting jack (not shown) for
laterally moving the wheels in either lateral direction to
line the track, the lateral stroke of the unit being ter-
minated when the laser beam 83 is in alignment with
the aperture or other marker on receiver 83, which
may be visually determined, the arm 84a and emitter
82 moving laterally with the unit during the lining
stroke.

What is claimed is:

1. A track working apparatus for correcting the posi-
tion of a track in relation to a laser beam reference or
datum, comprising

1. a laser beam emitter;

2. laser beam sensing means arranged to receive the

laser beam from the emitter;

3. means for correcting the track position,

a. the track position correcting means being con-
nected with the laser beam sensing means;

4. control means operating the track position cor-

recting means;

5. laser beam sensitive elements on the laser beam

sensing means for producing control signals upon
impingement of the laser beam on said elements,
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b. said control s1gnals actuating sard control
- means; and

6. a remote control for ahgnmg the Iaser beam

~ emitter with the sensing means in response to said

control signals.

2. The track working apparatus of claim 1, wherein
one of the laser beam emitter and the laser beam
receiving sensing means is.positioned in an uncorrected
track section and the other one of the laser beam
emitter and the laser beam receiving sensing means is
positioned in a previously corrected track section.

3. The apparatus of claim 1, further comprising a
recording instrument for recording the control signals.

4. The apparatus of claim 1, wherein the laser beam
emitter is held in a measurably fixed relatlonshlp to the
selected track rail.

5. The apparatus of claim 1, wherein the laser beam
emitter is arranged to emit a laser beam extending in at
least one plane, said laser beam sensing means being ar-
ranged to intercept the laser beam only partially.

6. The apparatus of claim 5, wherein the laser beam
extends in two perpendicularly intersecting planes.

7. The apparatus of claim 5, wherein the laser beam
extends ina plane parallel to the plane of the track for
use as reference in track leveling.

8. The apparatus of claim 5, wherein the laser beam

extends in a plane extending in the direction of track

elongation and vertical to the plane of the track for use
as reference in track lining.

9. The apparatus of claim 5, wherein the laser beam
extends in two planes perpendicular to each other and
meeting along a common axis extending in the
direction of track elongation.

10. The apparatus of claim 1, further comprising a
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laser beam target, and the laser beam emitter carryinga -

sight for focusing the emitter on the target.

11. The apparatus of claim 10, wherein the laser
beam target carries a spotboard whereon the sight is
focused.

12. The apparatus of claim 11, 1ncludmg a hght
source at the spotboard.

13. The track working apparatus of claim 1, wherein
the track position correcting means comprises means
for leveling the track and means for lining the track, the
control means simultaneously operating the leveling
and lining means.

14. The apparatus of claim 1, wherein the track posi-
tion correcting means includes a track engaging track
moving means and a reference system, said reference
system including a reference line in relation to which
the track moving means corrects the track position,
and means for changing the position of the reference
line, the laser beam sensing means being connected
with the reference line position changing means.

15. The apparatus of claim 1, wherein the laser beam
emitter and laser beam receiving sensing means are
mounted on support means having an element capable
of engagement with a selected grade rail, and further
including means for pressing the laser beam emitter
and laser beam receiving sensing means into a mea-
surably fixed relationship to the selected grade rail, said
pressing means being actuatable to press the rail en-
gagement element into contact with the grade rail.

16. The apparatus of claim 1, wherein the laser beam
emitter is arranged to emit two parallel planar laser
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beams, the laser beam receiving sensing means being
arranged to’intercept the laser beams only-partially,
and further comprising a receiver for receiving the
remainder of the laser beams.

17. The apparatus of claim 1, wherein said laser
beam sensitive elements are arranged on the sensing
means about a central region of the sensing means, the
control signals produced upon impingement of the
laser beam on said elements automatically centering
the sensing means in respect of the laser beam. ,

18. The apparatus of claim 17, further comprising a
servo motor for adjusting the posmon of the laser beam
emitter in response to said control signals.

‘19. The apparatus of claim.17, further comprising a
servo motor for adjusting the position of the laser beam
recervmg sensing means in response to the control
signals.

20. The apparatus of claim 1, wherern the laser beam
emitter is arranged to emit two parallel laser beams, the
laser beam sensitive elements inducing two different,
centrally arranged elements _positionable ‘between the
two laser beams to indicate centering of the sensing
means in respect of the laser beams.

21. The apparatus of claim 7, wherein the track posi-
tion correcting means includes a track engaging track
moving means and a reference system, said reference
system including a reference line having an end point in
relation to which reference line the track moving
means corrects the track position, the laser beam
sensing means being connected with the reference line
end point.

22. The apparatus of claim 21, wherein the track
moving means is arranged to line the track.:

23. The apparatus of claim 21, wherein the track
moving means is arranged to lift the track.

24. The apparatus of claim 1, wherein the laser beam
sensing means includes supports means having an ele-
ment capable of engagement with a selected grade rail
of the track, and further including means for pressing
the laser beam sensing means into a measurably fixed
relationship to the grade rail, said pressing means being
actuatable to press the rail engagement element into
contact with the grade rail.

25. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter;

2. means associated with said emitter for controlling

the path of the laser beam;,

3. laser beam sensing means in the path of the laser

beam,

a. the laser beam sensing means berng held in a
measurably fixed relationship to the selected
grade rail of the track;

4. means for correcting the track position including

b. a track engaging track moving means,

¢. a reference system including a reference line in

relation to which the track moving means corrects

the track position, and

d. means for changing the position of the reference
line, the laser beam sensing means being con-
nected with reference line position changing
mearns;

5. control means operating the track position cor-

rection means; and
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6. laser beam sensitive elements on the laser beam
sensing means for producing control signals upon
impingement of the laser beam on said elements,
- said control signals actuating said control
means.

26. The apparatus of claim 25, wherein said means
for changing the position of the reference line includes
a movable anchor for one end of the reference line, the
laser beam sensing means being fixedly connected with
the anchor for movement therewith.

27. The apparatus of claim 26, wherein the laser
beam receiver is positioned in an uncorrected track
section and further comprising laser beam emitter is
positioned in a previously corrected track section, and
said sensing means position controls the positioning of
the anchor of the reference line.

28. The apparatus of claim.27, further comprising an
instrument for recording the difference between the ac-
tual and the desired position of the track, and a further
laser beam sensing means in the path of the laser beam,
laser beam sensitive elements on the further laser beam
sensing means for producing control signals upon
impingement of the laser beam on said elements for
operating the recording instrument.

29. The apparatus of claim 28, wherein the anchor
and the laser beam sensing means is vertically movable,
whereby the reference line may be used for levelmg the
track in relation thereto, a self-propelled front carriage
supporting said anchor and sensing means, and a mo-
bile tamper rearwardly of said front carriage and sup-
porting the track moving means, and said further laser
beam sensing means and said recording instrument
being mounted on the tamper.

30. The apparatus of claim 27, wherein said means
for changing the position of the reference line includes
a movable anchor for the other end of the reference
line, said laser beam receiver is fixedly connected with
the latter-movable anchor for movement therewith, and
said receiver receives a laser beam portion extending in
a direction opposite to the working direction of the ap-
paratus and extending towards the previously corrected
track section.

31. The apparatus of claim 25, wherein the laser
beam emitter is positioned in an uncorrected track sec-
tion and further comprising a laser beam receiver posi-
tioned in a previously corrected track section, and said
laser beam sensing means controls the actuation of the
track moving means.

32. The apparatus of claim 31, wherein said means
for changing the position of the reference line includes
a movable anchor for one end of the reference line, and
a further laser beam sensing means fixedly connected
with the anchor for movement therewith.

33. The apparatus of claim 31, comprising a succes-
sion of machines mounting a succession of said track
moving means, a corresponding succession of said laser
béam sensing means being mounted in the path of said
laser beam for controlling respective ones of the track
moving means.

34. A track working apparatus for correctmg the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter;

2. means associated with said emitter for controlling

the path of the laser beam;

3. a laser beam receiver in the path of the laser beam,
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a. laser beam sensitive elements arranged about a
central region of the receiver for producing con-
trol signals upon the impingement of the laser
beam on said elements, the control signals auto-
matically centering the receiver in respect to the
emitter, and the emitter bemg mounted for ad-
justment;

4. laser beam sensing means.in the path of the laser
beam,

b. the laser beam sensing means being held in-a
measurably fixed relationship. to the selected
grade rail of the track;

5. means for correcting the track position,

c. the laser beam sensing means being connected
with the track position correcting means;

6. control means operating the track position cor-
rection means; and '

7. laser beam sensitive -elements on the laser beam
sensing means for producing control signals upon
impingement of the laser beam on said elements,

d. said control ‘signals actuating said control
means.

35. The apparatus of claim 34, wherein the emitter is
adjustable in response to the control signals, and said
means associated with said emitter comprising a servo
motor for adjusting the emitter.

36. The apparatus of claim 34, wherein the receiver
is adjustable in response to the control signals, ‘and
further comprising a servo motor for adjusting the
receiver. _

37. The apparatus of claim 36, further comprising a
laser beam receiver carrying two different, centrally ar-
ranged laser beam sensitive elements positionable
between the two laser beams to indicate centering of
the receiver in respect to the emitter.

38. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter;

2. means associated with said emitter for controlling
the path of the laser beam;

3. support means whereon the laser beam emitter is
mounted in a measurably fixed relationship to. the
selected grade rail of the track,

a. the support means having an element capable of
engagement with the selected grade rail;

. means for pressing the laser beam emitter support
means into said fixed relationship,

b. said pressing means being actuatable to press
the rail engagement element into contact with
the selected grade rail;

5. laser beam sensing means in the path of the laser
beam,

c. the laser beam sensing means being held in a
measurably fixed relationship to the selected
grade rail of the track;

6. means for correcting the track position,

d. the laser beam sensing means being connected
with the track position correcting means;

7. control means operating the track position cor-
rection means; and

8. laser beam sensitive elements on the laser beam
sensing means for producing control signals upon
impingement of the laser beam on said elements;

e. said control signals actuating said control
means.
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39. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter arranged to emit two parallel
planar laser beams;

2. means associated with said emitter for controlling
the path of the laser beam, :

3. laser beam sensing means in the path of the laser
beam,

a. the laser beam sensing means being held in a
measurably fixed relationship to the selected
grade rail of the track, and being arranged to in-
tercept the laser beam only partially;

4. means for correcting the track position,

b. the laser beam sensing means being connected
with the track position correcting means;

5. control means operating the track position cor-
rection means; and o '

6. laser beam sensitive elements on the laser beam
sensing means for producing control signals upon
impingement of the laser beam on said elements,
c. said control signals actuating said control

means. .

40. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising _

1. alaser beam emitter;

2. means associated with said emitter for controlling
the path of the laser beam;, :

3, laser beam sensing means in the path of the laser
beam, .

a. the laser beam sensing means being held in a
measurably fixed relationship to- the selected
grade rail of the track;

4. means for correcting the track position,

b. the laser beam sensing means being connected
with the track position correcting means;

5. control means operating the track position cor-
rection means; and

6. light-sensitive elements arranged on the laser
beam sensing means about a central region of the
sensing means for producing control signals upon
impingement of the laser beam on said elements,
¢. said control signals actuating said control means

and

d. automatically centering the sensing means in
respect of the laser beam. '

41. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter;

2. means associated with said emitter for controlling
the path of the laser beam;

3. laser beam sensing means in the path of the laser
beam,

a. the laser beam sensing means being held in a
measurably fixed relationship to the selected

~ grade rail of the track;

4. means for correcting the track position,

b. the laser beam sensing means being connected
with the track position correcting means;

5. control means operating the track position cor-
rection means; and

6. temperature-sensitive elements arranged on the
laser beam sensing means about a central region of

18

the sensing means for producing control signals
upon impingement of the laser beam on said ele-
. ments;
c. said control signals actuating said control means
and ‘ '
d. automatically centering the sensing means in
respect of the laser beam.
42. A track working apparatus for correcting the

position of a track in relation to a laser beam reference
0 or datum, comprising
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1. a laser beam emitter arranged to emit two parallel
laser beams;

2. means associated with said emitter for controlling
the path of the laser beam;

3. laser beam sensing means.in the path of the laser
beam, : .
a. the laser beam sensing means being held in a

measurably fixed relationship to the selected
" grade rail of the track;

4. means for correcting the track position,

b. the laser beam sensing means being connected
with the track position correcting means; ’

5. control means operating the track position cor-
rection means; and : »

6. two different laser beam sensitive elements ar-
ranged centrally on the laser beam sensing means
positionable between the two laser beams to in-
dicate centering of the sensing means in respect of
the laser beams and producing control signals
upon impingement of the laser beams on said ele-
ments,
¢c. said control signals actuating said control

means.

43. The apparatus of claim 42, wherein the laser
beam sensitive elements are light sensitive

44. The apparatus of claim 42, wherein the laser
beam sensitive elements are temperature sensitive.

45. A track working apparatus for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. a laser beam emitter;

2. a forward carriage supporting the laser beam
emitter;

3. means associated with the laser beam emitter for
controlling the path of the laser beam;

4. a laser beam target in the path of the laser beam;

5. a rear carriage in a previously corrected track sec-
tion and supporting the laser beam target,

6. means for holding the forward and rear carriages
in a measurably fixed relationship to the selected
grade rail of the track for maintaining the laser
beam from the emitter to the target at a fixed
distance from the grade rail;

7. laser beam sensing means in the path of the laser
beam, '

a. the laser beam sensing means being held in a
measurably fixed relationship to the selected
.grade rail of the track;

8. means for correcting the track position including
b. a track engaging track moving means; and
¢. a reference system including a reference line in

relation to which the track moving means cor-
rects the track position, a movable anchor for
the forward end of the reference rearwardly of
the forward carriage for the forward end of the
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reference line in an uncorrected track section,
and

d. the laser beam sensing means being ﬁxedly con-
nected with said anchor;

9. control means operating the track position cor-

rection means; and

10. laser beam sensitive elements on the laser beam

sensing means for producing control signals upon

impingement of the laser beams on said elements,

e. the control signals actuating said control means
and moving the anchor the desired distance
from the laser beam.

46. A track working apparatus comprising

1. alaser beam emitter;

2. laser beam sensing means arranged in the path of

the laser beam emitted from the emitter; and

3. a remote control for controlling the laser beam

path,

a. the control mcludmg laser beam sensitive ele-
ments on the laser beam sensing means for
producing control signals upon impingement of
the laser beam on said elements.

47. The apparatus of claim 46, further comprising
means for correcting the track position, the track posi-
tion correcting means including a track engaging track
moving means and a reference line having an end point
in relation to which reference line the track moving
means corrects the track position, and said laser beam
sensing means being connected with the end point of
the reference line.

48. A track working apparatus. for correcting the
position of a track in relation to a laser beam reference
or datum, comprising

1. alaser beam emitter;

2. laser beam sensing means arranged to receive the

laser beam from the emitter;

3. means for correcting the track position,

a. the track position correcting means including a
track engaging track moving means and a
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reference system, the reference system includ-
ing a reference line having an end point in rela-
tion .to which reference line the track moving
means corrects the track position, and the laser
beam sensing means being connected thh the
reference line end point;

4. control means operating the track position cor-

recting means; and

5. laser beam sensitive elements on the laser beam

sensing means for producing control signals upon

impingement of the laser beam on said elements,

b. said control signals actuating said control
means,

49. The apparatus of claim 48, wherein the laser
beam sensing means is held in a measurably fixed rela-
tionship to a selected grade rail of the track.

50. The apparatus of claim 49, wherein the laser
beam emitter-is held in a measurably fixed relationship
to the selected grade rail.

51. The apparatus of claim 48, wherein the laser
beam extends in at least one plane.

§2. The apparatus of claim 51,:-wherein a plurality of
the laser beam sensing means are arranged in said
plane.

53. The apparatus of claim 51, wherein the laser
beam extends in two. perpendicularly intersecting

lan
P %4 The apparatus of claim 51, wherein the laser

beam extends in a plane paralle]l to the plane of the
track for use as reference in track leveling.

55. The apparatus of claim 51, wherein the laser
beam extends in a plane.extending in the direction of
track elongation and vertical to the plane of the track
for use as reference in track lining.

56. The apparatus of claim 51, wherein the laser
beam extends in two planes perpendicular to each
other and meeting along a common axis extending in
the direction of track elongation.

* k. k x  x



